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25 area by managi ng | ocation and identification information for
each subscriber unit, transmtting systeminformation and i ncom ng
calls to subscriber units, and receiving transm ssions from

subscri ber uniyserspl al so interfaces the subscriber pinbseeissbd t he

| ocal public swtched 30 t el ephone network (PSTN). A
cellul ar base station in a GSM systemis typically a large and
expensive structure. A high-tier WO 97/ 34429

PCT/ US96/ 07320 base station may be hundreds of feet high and

service a ten mle radius. rpragdhd ik tievER@ronSi ze and expense,
traditional cellular ni cations are E uent Ty of | ow voi ce
quality (8 k|Iobytes/sé@%ﬁﬂxﬁénfSSY§tem %ﬁq%ﬁ?%@éfggc%ﬁﬁgtgﬁﬁﬁaPed to the
voice quality of lowtier GSi nMelkdde Swébshinedtansleggi es (32

ki | obyt es/ second) when the subscriber unit is used indoors.
Traditional high-tier cellular systenEDare further limted in the

anount of traffic they can carry. 55———42§ﬁ3ﬂié%@§5ﬁlgﬁbscribers attenpt to
use the sysgem at the Thisadmyentien helptds aro ppssensl becwriessongest ed

and SUbSCEbQﬁﬁﬁlcgﬂ&? ARl Qﬁgeﬁglcéh;l Rkt LhPohtich Felates

known net hod of increasing._t capacl tier systens, but
when enough demai@ Psm%§5%$l%§uﬁﬁ?p°EEFPg personal wireless communicat'ion

services using the Personal Access Communications System
(PACS) which is interfaced through a mobile switching

10 center in a Global System for Mobile Communicaticns (GSM)
to the public switched telephone network (PSTN).

BACKGROUND OF THE INVENTION

Current cellular services are provided around a

frequency band of 800 MHz. These systems are known as

15 *high-tier" systems. "High-tier* refers to a system that
is characterized by high base stations, high transmission
power, and several milesgs of coverage, and which can support
wireless subscribers (for example, cellular telephones)
which are traveling at relatively high speed, such as

20 approximately 30 to 40 miles per hours or more.

One such high-tier system is the Global System
for Mobile Communication (GSM) which is deployed in many
areas of the world including parts of North America, Europe
and Asia. GSM supports the subscriber units in a service

25 area by managing location and identification information
for each subscriber unit, transmitting system information
and incoming calls to subscriber units, and receiving
transmissions from subscriber units. GSM also interfaces
the subscriber units with the local public switched

30 telephone network (PSTN).

A cellular base station in a GSM system is
typically a large and expensive structure. A high-tier



15 splitting ceases to be effective. In addition to
t hese systens, "lowtier" radio st andards have been devel oped for

Wi rel ess conmuni cati on. One such lowtier systemis the Personal
Access &®asi cations System (PACS), a radio standar |.Lel ess
20 cormurw cat’i.on that operates in the 1850 - 1990 Mz pc‘lt/{?g%’wpéﬁuency
band. PACS has several advantages over the known hi gh-
tier systens, such as snmall and inexpensive base stations and a nuch
| ower transm ssion power requirenment. The 25 devel opnment of PACS is
described in the followi ng articles _yhich are incorporated herein by
reference: D.C. Cox, Universal Digital Portable Radio

Communi cat i ons, Proceedi ngs of the I EEE, Vol. 75, April 1987, pp.
436-477; b&s €. stGdorAmRgdbe Syisd smdsProdpdeak hogh Viise sqaeadel awBaver

30 Tet her | eﬁslgopg&wé:at ign gfcl;} T F ar
1991, pp. 324-335; V.K Varma eédd# t{ﬂag%eb?e Eggn%)e? ee:R{e‘%; ! DVA Frane
Structure, |EEECFeitignalpseldplarcronym casisps are frequentl\mogwsnng

PCT/ US96/ 07320 low voice quality (8 kllobytes/second to 13- 3- 1991,
Commnr cat on SEStEM AT Tancer]acetbered Wreas, vatormus ISP ot dPbeF Teans
J- STD-014"). w1re1ess access technologles (32 kilobytes/second) when the

subscriber unit is used indoors.

Traditional high-tier cellular systems are
further limited in the amount of traffic they can carry.
10 When enough subscribers attempt to use the system at the
same time, high-tier systems become congested and
subscribers’ calls are blocked. "Cell splitting” is a
known method of increasing the capacity of high-tier
systems, but when enough demand is experienced, cell
15 splitting ceases to be effective.

In addition to these systems, "low-tier" radio
standards have been developed for wireless communication.
One such low-tier system is the Personal Access
Communications System (PACS), a radio standard for wireless
20 communication that operates in the 1850 - 1990 Mhz
frequency band.

PACS has several advantages over the known high-
tier systems, such as small and inexpensive base stations
and a much lower transmission power requirement. The

25 development of PACS is described in the following articles
which are incorporated herzin by reference: D.C. Cox,
Universal Digital Portable Radio Communications,
Proceedings of the IEEE, Vol. 75, April 1987, pp. 436-477;
D.C. Cox, A Radip System Proposal for Widespread Low-Powexr

30 Tertherless Communicaticns, IEEE Trans. on Comm., February
1991, pp. 324-335; V.K. Varma et al., A_Flexible Low-Delay
TDCMA Frame Structure, IEEE ICC ’'91, Denvex, CO, June 23-26,



The advant ages of PACS stemfromthe small size 5 of the base stations

used. Known as radio ports (RPs), t hese base stations service a
relatively small area (path | engths up to a few kiloneters). Being
both smal| angoerssqze relatively inexpensive, RPs can be w derypssbapizoyed on
utility poles, on buildings, in tunnels, indoors, and so 10 forth, to
provi de nore conprehensive support for wrel ess access services.
Additionally, RPs have relatively small power needs conpared to high
tier base stations. An RP can be line or battery powered.

PACS al so has operational advantages. Its ngrrow 15 band transm ssion
format creates a relatively | arge nunber of frequency channels in
the 10 MHz sub-bands from which an RP can choose. This all ows PACS

to have higher freaquemsgrican Natvigusa Saahdsasdswhircdt iahlcews-EDD- 0t e

fficient utili ' f Il apl | Q.f d.
2dd:f:ggalryl 5 E%%Q 1 Acces® cd ¥ Elgg 3 ééEH(%Arr%gEggg Qﬁn adi 0 port

control | er unit<i@ndend) LRBY SkaxpicefyequndlFI of ¥ 014") . upgrading the

system can be acconplished without visiting : each RP.
PACS, however, is not wt t |on 2 t [
| ow-ti er systen1and can o?ﬁ% %%yant e’k Pﬁé%ﬁ%%??gggﬁhgngsT%§i §E£%

movi ng at $e|atﬁvemﬁelbﬂsgpéé@%lons used.Bednowe a9 44ﬁ§°sﬁﬁrFssé$B$be ar eas
supported by eaathd3R, vase staﬁmrelélﬁﬂ’ldénht seiamkﬂényn@mamlexﬁess(ﬁtﬁo to

40 THLSS PET iapgeRULRNLI LT eI deauent hANk oA chaadoyss from

one RP 30 stgtlon coverage area I ST one
reason t hat PACqulétﬁﬂgtchoé{‘e’éP?‘&?t‘ﬁﬁe RPg gpeake \Widely deployed on

utility poles, on buildings, in tunnels, indoors, and so

10 forth, to provide more comprehensive support for wireless
access services. Additionally, RPs have relatively small
power needs compared to high tier base stations. An RP can
be line or battery powered.

PACS also has operational advantages. Its narrow

15 band transmission format creates a relatively large number
of frequency channels in the 10 MHz sub-bands from which an
RP can choose. This allows PACS to have higher frequency
reuse factors which allows for more efficient utilization
of the available radio frequency band. Additionally,

20 because most of the circuitry is located in radio port
controller units (RPCUs) that service a number of RPs,
upgrading the system can be accomplished without visiting
each RP.

PACS, however, is not without limitations. As
25 noted, PACS is a low-tier system and can only support
subscriber units that are moving at relatively low speeds.
Because of the small service areas supported by each RP,
subscriber units traveling in excess of 30 to 40 miles per
hour will require frequent hand-off or handover from one RP
30 or base station coverage area to another. This is one
reason that PACS is most cost effective in areas with a
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-4- hi gh density of slow noving (for exanple, pedestrian)

subscri bers. PACS was originally devel oped under the
assunption that radio port network would be interfaced hin t he
public sw tcﬂ@c?"%%?gephone network (PSTN), speci fi calpl‘%;ll‘l,us%scl)de%ir? | SDN
swtch. To support PACS, a PSTN must perform nobility managenent
functions which are simlar to those perforned by GSM Specifically,
a PACS- supporting PSTN nmust track the location within the service
10 area of each subscriber unit and nmanage the routing of cal |l s.
In order to support the above-mentioned wiT%l ess access mobility
managenent functions using PACS, a PSTN wi th Advanced Intelligent
Net work (AI'N) capabiliti.es will, 15 . be [r-equi Vi .PSTNs i n man
areas, especi aﬁf@gahl r#enm%y e%le?%pr?Orngr?at(if%%s%L%? 1en,§33 ec?%i%ﬁ% )wi th AIN d
capabilities. subscrifiegsefore, an alternative architecture is desired

whi ch woul d all ow the rapid depl oynent of PACS so as to provide

W rel ess services in suc eas. 20, As described in detail
bel ow, supporting PACS 286 wﬁ%i%ﬁlgalrﬁ'sll\]/lys;(}gyg%ﬁ’%?Iunpérégvi%hg this
alternative assumptdigint Sbabr ehe radio port network would be gorppmfycefr THE
|NVFNT|C»B with the public &kit&had @jeptbnel néheoi e¥@iN) i nvention to
nmee

specifically, to an ISDN switch. To support PACS, a PSTN
must perform mobility management functions which are
similar to those performed by GSM. Specifically, a PACS-
supporting PSTN must track the location within the service

10 area of each subscriber unit and manage the routing of
calls.

In order to support the above-mentioned wireless
access mobility management functions using PACS, a PSTN
with Advanced Intelligent Network (AIN) capabilities will

15 be required. However, PSTNs in many areas, especially in
developing nations, are not equipped with AIN capabilities.
Therefore, an alternative architecture is desired which
would allow the rapid deployment of PACS so as to provide
wireless services in such areas.

20 As described in detail below, supporting PACS
using a GSM system will provide this alternative

architecture.

SUMMARY CF THE INVENTION

It is an cbject of the present invention to meet

25 the above stated needs and others. More specifically, it

is an object of the present invention to provide a method
whereby a Perscnal Access Communications System (PACS) for
wireless access can be interfaced into a Global System for
Mobile Communications (GSM) network through or via a mobile

30 switching center (MSC) to provide mobility management



25 t he above stated needs and others. Mre specifically, it IS

an object of the present invention to provide a nethod wher eby a
Per sonal Access Commruni cations System (PACS) for Wi rel ess access
can be interfgggssdssf 0 @ G obal System for Mobi | e Copgirsisnedzt ons
(GSM network through or via a nobile 30 switching center (MSC) to
provi de nobility managenent WO 97/ 34429
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functions. It is a further object of this invention to provi de
alerting functions in a PACS/GSMintegratiog_and to nodi fy the
prot ocol of the PACS systemto be conpatible w th GSM 5
Addi ti onal objects, advantages and novel features of the invention

will.be set fortfunickipast inctihea furthedesbiédd ich odiischinfoht Dws,ccand in

part wi || becone apRALel oreing eiel0R8CRKLIbAL Jdhud NBCBLL UL ans
exani nation of tHe %fﬁ?%mﬁng or may be Tearned by praciice 0 tfie
i nvention. 10 ™odify 5bpeR¥eteitd &dvAaheablSS ofYHIfE ity B8Rt FoPHEP Ise

realized waltth aisMai ned by neans of the instrunentalities and
conbi nations particularly pointed out in the appended cl ai ns.
To achieve the stated and other objects of the 15 present invention, as

enbodi ed ahd descri bed beRdditidm@al objects, advantages and novel features
of the invention will be set forth in part in the

description which follows, and in part will become apparent
to those skilled in the art upon examination of the
following or may be learned by practice of the invention.
10 The cbjects and advantages of the invention may be realized
and attained by means of the instrumentalities and
combinations particularly pointed out in the appended

claims.

To achieve the stated and other objects of the
15 present invention, as embodied and described ktelow, the
method of this invention may comprise the steps of:
providing a numbexr of PACS radioc ports controlled
by a number of radio port controller units throughout a
sexrvice area;
20 connecting said radio port controller units to a
mobile switching center of a GSM network; and
providing the PACS radio port controller units
with protocols for authentication and registration of a
subscriber unit, and protocols for handover and ciphering
25 which are compatible with GSM protocol.

This invention will allow a service provider to
provide service to PACS-compatible subscriber wherever GSM
is deployed. Such a service provider will have to
construct the PACS infrastructure and then use the present

30 invention to interface with GSM and the local public
switched telephone network (a non-AIN PSTN).



met hod of this invention may conprise the steps of:
provi ding a nunber of PACS radio ports controlled by a nunber of
radio port controller units throughout a service area; 20

connecti ng S&%9GME9 port controller units to a mblpk;i@wrﬂg?al ng

center of a net wor k; and provi di ng the o port
controller units with protocols for authentication and registration
of a subscri ber unit, and protocols for handover and ci phering 25
whi ch are conpatible with GSM protocol . This invention
will allow a service provider to provi de service to PACS-conpatible
subscri ber wherever GSM I s depl oyed. Such a service provider wll
have to construct the PACS infrastructure and then use the present

30 i nvention to interfacerirrh pESkRandiotneor avm DpARINGS swi t ched
t el ephone network (a non-AIN PSTN). WO 97/ 34429
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BRI EF DESCRI PTI ON OF THE DiR&WeRegmpanying drawings, whighe agecdmpanppngted
drawi ngs, whi ch af eandicfupoEapad: of the idpediditaeddR, pAltuseiratBethe

specification, i t he d of ep t_ inyentjon and,
together with t hAéété%f{ aéfgé:shrcér Pﬁteiggxr’],t gig‘%%]/nglto% Ségr ai’%géﬁ%rprwil\ré]%i H‘%s of the
5 description, serve to explain the principles of the

invention. In the drawings:

Fig. 1 is a block diagram showing a PACS
infrastructure system interfaced with a GSM infrastructure
in accordance with the method of the present invention.

10 Fig. 2 is a diagram showing the contents of a
system information channel that is broadcast in a GSM/PACS

integrated system according to the present invention.

Fig. 3 is a block diagram showing an integrated
GSM/PACS system that illustrates the subscriber unit
15 location tracking method of the present invention.

Fig. 4 is a schematic diagram showing the
alerting protocol procedure of the present invention
required to support authentication and call delivery in a
GSM/PACS integrated system according to the present

20 invention.

Fig. 5. is a schematic diagram showing the
protocol procedure of the present invention required to
support handovers in a GSM/PACS inregrated system according
to the present invention.

25 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Using the drawings, the preferred embodiment of
the present invention will now be explained.



I nvention. In the draw ngs: Fig. 1 is a block diagram

showi ng a PACS I nfrastructure systeminterfaced wwth a GSM
i nfrastructure in accordance with the nmethod of the present
invention.  w&Qov34420 Fig. 2 is a diagram show ng t#ero®eonnss of a

system information channel that is broadcast in a GSM PACS

I ntegrated system according to the present invention.

Fig. 3 is a block diagram showi ng an integrated GSM PACS system t hat
i1lustrates the subscriber unit 15 | ocation tracking nethod of the
present invention. Fig. 4is a schematic di agram show ng
t he alerting protocol procedure of the present invention

required to support aut hent i cat | on and call delivery in a GSM PACS

i ntegrated syst epHgS T y{tS 20D GSMi nvent i on.

Fig. 5. is a schematlc di agram show ng t he protocol procedure of the
present invention required t ort handovers a GSM PACS

i nt egrated system accor di ﬁgg 1 Sh°‘t’% 8 ﬁgg”’bﬁé&lﬂf |+|v"el?ﬁ'i J’r‘?s besy

DETAI LED DESCRI PThRy €t ebHiw i PRERRRREDpENBEDIAMEATS network 2. In thisUsing
the drawings, thgprefernsd eabedi S5ffotnts of thbNSadd G38NorYERLE0Q Wi i

now be expl ai ned.
radio port (RP) 3 and a radio port controller unit (RPCU)

4. The radio port 3 comprises a radio transmitter/receiver
that communicates with subscriber units 8 through the air.
While only one RP 3 and one RPCU 4 are shown, it will be
understood that several may be provided.

10 PACS uses frequency division duplexing (FDD) to
support two-way communication links. A related standard,
PACS-UB, uses time division duplexing (TDD). Further
details of the structure of PACS transmissions between
subscriber units and RPs are described in the following

15 articles incorporated herein by reference: L.F. Chang et
al., Combined Burst Synchronization and Error Detection
Scheme for TDMA Portable Communication Systems, IEEE Trans.
Comm., 19%91; J. Chuang, Autonomous Adaptive Frequency
Assignments of TDMA Portable Radio Systems, IEEE Trans.

20 veh. Tech., Vol. 40, No. 3, pp. 627-635, August 1991; A.R.
Noerpel et al., PACS- A Protocol for the Unlj sed
Spectxum IEEE ICC’95 Conf. Proceedings, Seattle, WA June,
19895.

The RPCU 4 is connected to the RP 3 through a P-
25 interface. The signal used by the RPCU for managing the RP
across the P-interface is separated logically from the call
traffic in an embedded operations channel (EOC). Thus, the
RPCU 4 controls the RP 3 and interfaces the RP 3 with the
wireline network. Typically, a single RPCU controls a
30 number of RPs. In a PACS system, several RPs and RPCUs are

provided as needed throughout a service area. This
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-7 - PHYSI CAL | NTEGRATI ON OF PACS AND GSM Fig.
1 shows a GSM network 1 that has been integrated with and supports a

PACS net wor k IS exanpl e, the basic conponent ACS
network 2 ar evg%tgggdgh radio port (RP) 3 and a radio port cog??%f#ﬁg?szgnit

( RPCU) 4. The radio port 3 conprises a radio transmtter/receiver
that comuni cates with subscriber units 8 through the air. Wi | e
only one RP 3 and one RPCU 4 are shown, it will be under st ood t hat
several may be provided. 10 PACS uses frequency division
dupl exing (FDD) to support two-way coffiuni cation links. A rel ated
st andard, PACS- UB, uses tine division duplexing (TDD). Further
details of the st f mBRA I 2RAS FinS S| t Sphscriben
units and RPs ar tgeéb%g:%;éggdm{%?}%u?g.%% %PQ?L%@%%S)r'}tsig %gei ncor ;C)tz)lrogit%éd
herein by referefE&lUtaE. AENLGRF &re difficyjt e GRHLIEER - Bur st

Synchroni zation and Error Detection Schenme for TDVA Portabl e

Communi cation Systens, IEE@BH@&HF&onaIAE,.wﬁ@?@1a el widh &PHang’
S

Aut ononous Adaptive Freauency. } ignnents of TDVA Portabl e Radio
Systens, | EEE Tr &®abjgities \if avpddRbleyopnd MRPCGs sonppcted A 3me August
1991; A Rs PSTNoetpehn e1SEN .conRACBibl, AidWeteaGolinf Ghet fcarkglld cRRsAd

Spectrum | EEE |1 C¢9%;GonT . i eattl e - 95.
The RPCU 4 is cggr?e?tlgg to {}%C@SQ%%FSEQ%% Pi-n‘?\iégf%ldggi "r‘ﬁ“c:a}rlf%tcses.]pP The
si gnal used by t FYSRPBULf BRY PRGNSy CENemRPile switchdpgssenter PiMSflerf-ace
is separated logically fromthe call traffic in an enbedded

operations channel (ECC). Ibuéhetégﬁ system 1, a network of base stations

(BTSs), represented by BTS 5, are each connected through an

10 interface known as Abis to a base station controller ({(BSC)
&. While only one BSC is shown in Fig. 1, it will be
understood that several may be provided. A subscriber unit
8 interfaces with a BTS 5 through a Um interface. The BTS
5 and the BSC 6 are analogous to the RP 3 and RPCU 4.

15 Together, the BTS 5 and BSC 6 form a base station system
(BSS) .

The various BSSs of a GSM network are connected
to a mobile switching center (MSC) 7 through an A-
interface. The MSC 7 then interfaces the BSS network with
20 the public switched telephone network (PSTN). In
accordance with the present invention, such a PSTN does not
need to have AIN capabilities because the MSC performs
intelligent switching functions.

In the preferred embodiment of the invention, RPs
25 3 and RPCUs 4 are provided throughout an area served by
GSM. The RPCUs 4 are connected, via the A-interface, to
the MSC 7 of the GSM 1. This A-interface is the same type
of interface that links the MSC 7 to the GSM base station

systems 6.



RPCU 4 controls the RP 3 and interfaces the RP 3 with the wireline

network. Typically, a single RPCU controls a 30 nunmber of RPs. 1In a
PACS system several RPs and RPCUs are provi ded as needed t hroughout
a service aregyo JiHae WO 97/ 34429 PCT/US96/07320
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depl oynent may include RPs placed i ndoors where traditional cel | ul ar
devices are difficult to operate. Conventional ly, where
a PSTNwith AN capabilities is available, and RPCU is connected to
the 5 PSTN via an | SDN connection. However, in the exanple shown

in Fig. 1, the PACS system?2 is integrated with a GSM system 1

t hrough the GSM nobile switching center (MSC) 7. In the
oM system 1, a network of fasfise!3ti0M%so connekBIESlo 4 ARIASER! EAcLYIGIS
5, are each connected thro%%)an 10 |nter1'nace known as Abis to a base

station control | eReFEHYT ! 9gand i Home harabhen gReI S FhdRRRY ntkig. 1,
it will be FondeicH andrilshatt Seveirda mberee sproveees aAaiubslte) ber

uni t 8 intepfaces, W thza BTSwr?ﬁy‘%oé&% 'g%}i 0 :g{aaﬁ Log EI§
RS~
5 and the BSC 6 are anasogous to the RP. 3 an C%ﬁ’ 4. % .Q"Fo ether, the
BTS 5 and BSC 6 f8PRYHDasth d8PFéA1gysi¥mand servigggyrofile are created
for that subscriber and are maintained in the HLR of the
subscriber’s home area. This identification is used to
route incoming calls to the subscriber. Each HLR 10 is
also connected to an authentication center (AuC) 11 which
1Q stores unique authentication information for verifying the
identity of each subscriber unit 8.

If the subscriber unit roams intoc a different
registration area, the subscriber unit would not be known
to the system in the new area, and thus could not receive

15 calls. As explained in greater detail below, this problem
is resolved by a temporary registration of the subscriber
unit with the local VLR.

When the subscriber unit finds itself in a new

registration area, it registers with the local system by

20 sending a message to the local VLR. The local VLR then
contacts the HLR 19 in the subscriber’s home area and
receives the subscriber’s identity information. The local
VLR then assigns the subscriber unit a temporary
identification for use while in the new registration area.

25 The temporary identification is assigned for security,
privacy, and other purposes.

When a call is made to the subscriber, the call
is routed to the home area where the subscriber’s HLR
resides. If the subscriber is in the home registration

30 area, the home system routes the call to the subscriber.
If a remote VLR has contacted the HLR 10 to temporarily
register the subscriber in another area, the home HLR 10



The various BSSs of a GSM network are connect ed to a nobil e

swtching center (MSC) 7 through an A- i nterface. The MSC 7 then

i nterfaces the BSS network with 20 the public switched tel ephone

net wor k (PST accordance with the present inve

PSTN does nolwomi*559 need to have AIN capabilities because ?#’8{%’& gerforms
intelligent switching functions. In the preferred

enmbodi nrent of the invention, RPs 25 3 and RPCUs 4 are provided

t hroughout an area served by GSM The RPCUs 4 are connected, via the
A-interface, to the MSC 7 of the GSM 1. This A-interface is the
sane type of interface that links tHé%SC 7 to the GSM base station
systens 6. WO 97/ 34429

PCT/ US96/ 07320 i :

The MSC 7 is al sgacs:oﬁkrlleéc]f’%u n\gms: ?B%OTo%fatthe Subscnﬁgﬁ Ster tR) 9

and a Honme Locat i-8R2REGH st t(I'IEILFQ)aliOlS accordigglyadRuFeqi 5 ridtd on area

where service isSragastadtion area whbeeethe subddRiBerWiabt aisuhsgiddaetily
initially reques;§g§ eg€rvice, an identification and service profile are
created for tﬁat subscrl ber and are maintained in the HLR of the
subscri ber's honme area. This identification is used to route

incom ng ca | s terbhecsubperedrarIoNach PAES 1ND $SM: al so connected to
an aut hentication center (AuC) 11 which
Because PACS and GSM are quite different systems,
the present invention incorporates several modifications to
the operating procedures used by PACS to obtain
compatibility with GSM. In creating a PACS/GSM
10 integration, the present invention avoids making changes to
the GSM equipment. Modifying the GSM equipment would
involve great expense because GSM is already deployed in
many areas and would ha =+ to be modified where and when it
is in use. By changing the PACS protocol to make it
15 compatible with GSM before the PACS equipment is deployed
the need to modify GSM is eliminated. A preferred example
for implementing this approach is described in detail
below.

1} Authentication Algorithms

20

A subscriber unit must verify its identity with

the system when receiving/initiating a call. This process
is known as authentication. During authentication, a
random number is given to the subscriber unit by the

25 supporting system. The subscriber unit performs an unique
algorithm on the random number to generate a different
number. If the new number generated by the subscriber unit
is verified by the system, the subscriber unit is
authenticated.

30 In this example, the GSM-compatible subscriber
unit is programmed with particular authentication



10 stores uni que authentication information for verifying the

i dentity of each subscriber unit 8. I f the subscriber
unit roanms into a different regi stration area, the subscriber unit
woul d not be lgrPyasars to the systemin the new area, andedriioksesasd d not
receive 15 calls. As explained in greater detail below, this problem
Is resolved by a tenporary registration of the subscriber unit with
the | ocal VLR When the subscriber unit finds itself in
a new registration area, it registers with the local system by 20
sending a nessage to the local VLR The | ocal; VLR then contacts the
HLR 10 in the subscriber's hone area and receives the subscriber's
identity information. The | ocal VLR then assigns the subscriber unit
a tenporary algdeithrs c atligoritbmsuds adxd |28, thaheahkow rigg siriat ton

area. 25 The 80RO1 AFY; d AAH Ik EﬂE'QQs&émas§v§ﬁego&9 Tﬁﬁﬁé”gdﬁécrlbe;h

privacy, and other purposes. I s made
subscri ber, the cHPfts have §imilagm adIppitRes hoichapr8aChiereldqrdthms. o
subscriber's HLR facilitdsesiadencd/GsMhensedsaridier che AR &l ABOMR gorithms

registration 30 ar??£§§d %%Q: °@§b§¥§&83}r&%§€ ‘tQﬁlgfé#?%éiﬂJH% of the

subscri ber. as contacte to tenporarily
regi ster the subséPVBRELIPH Hfthaaey ofr ke EAYE EoritRgp The SecurltMD
97/ 34429 menu of the PACS-compatible subd¥cHiUS?60LAYB2{k modified to

include the coding for the A3l and A8 authentication
algorithms.

10 In PACS, the system information channel (SIC) is
constantly broadcasting a random number, called Rand, and
the Real Time. A PACS-compatible subscriber unit can
authenticate itself by taking the Rand and Real Time from
the SIC broadcast, running the numbers through a CAVE

15 algorithm and returning the result to the system for

verification.

With reference to Fig. 1, when a GSM-compatible

subscriber unit is being authenticated, three numbers (1) a
128-bit random challenge, RaND, (2) a session key, Kc, and

20 (3) a signed response (SRES), are sent by the HLR 10 and
AuC 11 in the subscriber’'s home area to the VLR 9 and MSC 7
where the unit is located. These three numbers are unique
to each subscriber unit. The GSM system then transmits the
RAND to the subscriber unit 8. The subscriber unit 8 then

25 performs the A3/A8 algorithm to derive the SRES from the
RAND. The subscriber unit then transmits the derived SRES
to the local VLR 9. The local VLR 9 compares the derived
SRES to the SRES sent from the HLR 10. If the SRES numbers
match, the subscriber unit is authenticated.

30 Thus, in this example of an integration of PACS
and GSM, the subscriber unit 8 is supplied with the A3 and
A8 algorithms. However, as noted, the subscriber unit in a



-10- has the routing information of the subscriber's current

| ocation and the call is accordingly routed to the regi stration area
where the subscriber unit is tenporarily regi st er ed. 5

PROTOCCL | I\rrgg}gp S OF PACS AND GSM BealiiSe s> and
GSM are quite di ferent syst ens, the present invention i1ncorporates
several nodifications to t he operating procedures used by PACS to
obtain conpatibility with GSM |In creating a PACS/ GSM 10
integration, the present invention avoids maki ng changes to t he GSM
equi pment. Modi fying the GSM equi pnrent woul d i nvol ve great expense
because GSMis al ready deployed in Tty areas and would ha [err] to
be nodified where and when it is in use. By changing the PACS

protocol to make if 15 compati ble_w M hefare gui pment is
depl oyed %ﬁﬁg ﬁ%ﬁﬁeTcP?%E%rpf ﬁl?épﬁﬁlrn4%§ﬁ§é.a;§§?g g?f%bg%xanple
for inplementi nganirs appeeractakes dsepr Fhedsyshafetigifprmation gdrgfl -

1) Authenticatiap Ahggr bihBSBEimdht, because no such Aasdb&cChudiedr U t nmust
verify its identity.with he, syst e o}l DQLLlDjtiating a
call. This proc§?§¥anOUSIYé?iﬁﬁ%ﬁ?sésxauﬁﬁ%ﬁ??gg?%%%?MDggééé#ééég

aut henti ca& i on, sabscriberramdorf rignsanippedi wih new REsse®eTrider unit by

the 25 SUPPQelBG t 4§t 8Mandthe ntBEE! | RAND LN orP @kt ol 882 RIVLIisjue
al gorithm on the random nunber to generate a different nunber. |f
t he new nunber generated by the subscriber unit is verified by the

system the subscriber unk§ $hown in Taplehent ivdihe] prefggred embodiment, |p
this exanple, theCoMueerRBEL bif tSWSEr bPerided witHiBint alShrogEamm®RI W th
particul ar aUth%%Hd%%EI%gssage (AUTH REQ C) to request the RAND. This
10 message contains the following information elements; (1)
Message Type, (2) Call Reference, (3) Security Menu
Selection, (4) Location Updating Type, (5) Ciphering Key
Sequence Number, (6) Location Area Identification, (7}
Mobile Station Classmark, (8) SubID or TSubID = TMSI or
15 IMSI, and (9) Initial Message Type (The initial message
types for this information element are the call request
message (CALL REQ), terminal registration request message
(TERM_REG_REQ) and the alert acknowledgement message

(ALERT_ACK)) .

20 Also in Table 1 are the types and lengths of each
information element in the message. In all the tables
herein, entries in the "reference" column refer to ANSI J-
STD-014 and the "direction" column indicates the direction
of communication between a subscriber unit ("SU") and an

2% RPCU.
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- 11 - algorithns, algorithns A3 and A8, that allow the unit to
identify itself to the system PACS-conpatible subscri ber uni ts have
simlar al gory uch as CAVE al gorithns. To facili CS/ GSM
I ntegration, ?hg%zgnd A8 al gorithns 5 are used by thebgﬁ%}g%@.’%gr uni t
i n this enbodi nent of the I nvention instead of the CAVE al gorithns.
The security menu of the PACS-conpatible subscriber unit is nodified
to i nclude the coding for the Alerr] and A8 authentication

al gorithns. 10 In PACS, the systeminformation channel

(SIC is constantly broadcasting a ranmdom nunber, called Rand, and
the Real Tinme. A PACS-conpatible subscriber unit can aut henti cate

itself by taking theT:ng‘gquf=.’ |g@.£50@g

runni ng the nunbers

el

result to the sygrerr+or et T o a
reference to Fi gf Infomren ianGSM co elpkrce | Directulomcr | Bepe Uridndth bei ng
aut henti cated, thr ers (1) a 128-bit _r hal llenge D
(2) a session key,, Kc, an a_.sLgne se ,, are sent by
the HLR 10 and Messa i §§b§¢?Lb\r¥ésﬁggg arpa—t-o-the VLR B and
MSC 7 5 wherflecdlie Refietrensel ocqt7ed.. 3Thesq stsREEUNDEMS arje3 uni que
to each subscribdre M1y The GV SYSTSMLTNEN FIQNSRS s TR |5

Selection

Location 7.3.3.x.1 | SU-RPCU M 1/2

Updating Type

10 Ciphering Key 7.3.3.%x.2 | SU-RPCU M 1/2

Sequence Number

Location Area 7.3.3.x.3 | SU-RPCU M 5

Identification

Mobile Station 7.3.3.x.4 | SU»RPCU M 1

15 Classmark

SubID or TSublD 7.3.3.x.5 | SU»RPCU M 2-9

= TMST or IMSI

Initial Message 7.3.3.26 SU-RPCU M 3

Type (Note 1)

20 Table 2 shows an authentication challenge message
(AUTH_CHALLENGE) which the RPCU 4 uses to transmits the
RAND to the subscriber unit. This message contains the
following information elements: (1) Message Type, (2) Call
Reference, (3) Ciphering Key Sequence Number, (4) Spare

25 half-octet, and (5) GSM RAND.



RAND to the subscriber unit 8. The subscriber unit 8 then 25 perfornmns

the A3/ A8 algorithmto derive the SRES fromthe RAND. The subscri ber
unit then transmts the derived SRES to the local VLR 9. The | ocal
VLR 9 conpares the derived SRES to the SRES sent fromthe HLR 10. I|f
t he SRES nuntf¥( &7/34429 mat ch, the subscriber unit is aut heRETESNOHP20 30
Thus, in this exanple of an integration of PACS and GSM the
subscriber unit 8 is supplied with the A3 and A8 al gorithnms.

However, as noted, the subscriber unit in a WO 97/ 34429

PCT/ US96/ 07320 -12- PACS
system perforns the authentication algorithmoé¥n a random nunber taken
fromthe systeminfornmation channel. In this enbodi ment, because no

such random nunber is cont i nuously br oadca t .in GSM a PACS/ GSM
integrated 5 subscr i ,‘"“ saatleade Message f or
requesting a random nunber RAND f v .

As shown in Tabl g=le=iitt-ho—piafartoc—cnbod ch=aat
unit 8 is provi d Dlrercftqmst
to request the R a| ns the fo
el ements; (1)

Sel ection, {4) L

__ 2= ___-_._._|

Call Reference 7.3.3.32 RPCU»SU M 3
Ciphering Key 7.3.3.y.1 | RPCU-»SU M 1/2
Sequence Number
Spare half-octet 7.3.3.y.2 | RPCU-»SU M 1/2
10 GSM RAND 7.3.3.y.3 | RPCU-»SU M 16
-

Table 3 shows an authentication respornse message
(AUTH_RESP) for transmitting the derived SRES to the RPCU 4
and VLR 9 for verification. This message contains the

following information elements: (1) Message Type, (2) Call
15 Reference, and (3) GSM SRES.
Table 3: hentication Response Message (AUTH RESP

Information Reference | Direction

Element

Type | Length

Message Type SU-RPCU M

20 Call Reference 7.3.3.32 SU-RPCU M 3
GSM SRES 7.3.3.y.4 | SU-RPCU M 4
— — —

2] Ciphering

Transmission between a subscriber unit 8 and an
25 RP 3 are encoded to protect the privacy of the subscriber.
This encoding process is called ciphering. While both GSM
and FACS use private key, stream ciphering methods for
encryption of user information and signalling, there are
differences in both the protocol/message flow and the

30 information elements.



Sequence Nunber, (6) Location Area ldentification, (7) Mobi | e

Station Cdassmark, (8) SublD or TSublD = TMSI or 15 I MSI, and (9)
Initial Message Type (The initial nessage types for this information
el enent are t | . request message (CALLREQ, ter

regi stration {@gﬁ@@ message (TERM REG REQ and themPeg}rUS%mnO
acknow edgenent nessage (ALERTACK) ) . 20 Al'so in
Table 1 are the types and | engths of each i nformati on elenment in the
message. In all the tables herein, entries in the "reference” col umm
refer to ANSI J- STD- 014 and the "d|r tion" colum indicates the
direction of communi cation between a subscriber unit ("SU') and an
25 RPCU. WD 97/ 34429

PCT/ US96/ 07320 In the preferred embodiment, thi3GsM As ciphering
Tabl e 1: Authenticatign Request I\/Essagﬁ\e S‘ | nfor mat j"on

Reference Direct3@PTiFHfe s LoFRA FOr @ PACS %‘\ﬁelﬁite)grawd SYRERE alfet "RAsk
7.3.2.2 SU[ er rqfRRBlg BRARD ciphekring develGpéd vRofrePdGSe The7A3. 3. 32

SU err] RPCU Mgorit®m can be used with PACS provided:
5 a) The public key ciphering option developed
for PACS is not supported.

b) Only 88 bits of the 114 bit cipher which is
available with the A5 algorithm are used for
enciphering and deciphering the PACS traffic

10 and signalling channels.

c) The GSM key, Kc (64 bits) is used instead of
the PACS key (88 bits) with a defined bit
mapping.

d) The mesgsage requesting subscriber unit

15 authentication (AUTH_REQ_C) no longer
contains ciphered information elements.

e) Only the 22 least significant bits of the
PACS frame count are used in the A5
algorithm and derived from the PACS radio

20 channel. The ALT COUNT information is
ignored.
£) The rate of the A5 algorithm (228 cipher

bits/4.615 ms; 449.4 kit/s) is adapted to
the PACS rate {176 clear bits/2.5 ms; 70.4
25 kit/s).

3) Subscriber Identity

In GSM, when a subscriber initially registers for
service, an international mobile subscriber identity (IMSI)
30 is assigned to that subscriber. The same occurs in a PACS
system, but the identification is structured differently
and called the subscriber identity (SubID). To facilitate
integration of the PACS and GSM systems, the IMSI is
embedded in the PACS subscriber identity {(SublID).



Security Menu 7.3.3.21 SU err] RPCU M 3 Sel ection

Locati on 7.3.3.x.1 SU err]RPCU M 1/ 2 Updat i ng
Type 10 Ci pheri ng Key 7.3.3.x.2 SUerr]RPCU M 1/2
Sequence Number Location Area 7.3.3.x. 3 SU[ er rJZ}QPCU M

5 | deRPPFI4E%: i on Mobi | e Station BH0EP | rPCU
M 15 Cl assmar k Subl D or TSubID 7.3. 3 x 5 SU[err] RPCU M
2-9 = TVSI or | VSl Initial Message 7.3.3.26 SU err] RPCU
M 3 Type (Note 1) 20 Tabl e 2 shows an

aut henti cation chal | enge nessage (AUTH CHALLENGE) which the RPCU 4
uses to transmts the RAND to the subgeéri ber unit. This nessage
contains the foll owi ng infor rrat ion elenents: (1) Message Type, (2)

Cal | Ref erence, (3) _Cipherin ey, Sequence Nunber, (4) Spare 25
hal f-octet, and ( e B‘?bscrl 8L 2 34429

PCT/ US96/ 07320
In GSM, a temporary mcbile subscriber identity
(TMSI) is assigned to a subscriber each time the subscriber
enters a new service area. Again, the same occurs in a
5 PACS system, but the identification is structured
differently and called the temporary subscriber identifier
{TSubID). To facilitate integration of the PACS and GSM

systems, the TMSI must be embedded in the PACS temporary
subscriber identity (TSubID).

10 5) Eguipment Identity

In GSM, each subscriber unit also has an
international mobile equipment identity (IMEI). In PACS,
an electronic serial number (ESN) is used. For the

15 PACS/GSM integration, the IMEI is embedded in the ESN.

6) Port Identit

As described above, the PACS-compatible
subscriber unit finds the RP providing the best signal and
informs the network which RP it will use to access the

20 system. To do this, the subscriber unit must be able to
identify individual RPs and RPCUs to the system. In GSM
each base station is identified by a cell global identifier
(CGI). Thus, to facilitate integration of GSM and PACS
each RP and RPCU is given a CGI to be used instead of the

25 complete port identification (CPID) developed for use with
PACS.

Location I tifier

In PACS, an area comprising a group of RPCUs
30 serviced by the same VLR is identified by a complete



-14- Tabl e 2: Authentication Chall enge Message

(AUTH CHALLENGE) I nf ormati on Reference Direction Type
Lengt h Elemrent 5 Message Type 7.3.2.2 RPCU[ err] SU

M 1 Ref er ence 7.3.3.32 RPCU[ err] SU

Ci phering Keywo97wc@|_ % 3.y.l RPCU err]SU M 1/ 2 Pcrygasdog:rs@e
Nunber Spare half-octet 7.3.3.y.2 RPCUerr]SU M 1/2 10
GSM RAND 7.3.3.y.3 RPCUerr]SU M 16

Tabl e 3 shows an authentication response nessage (AUTHRESP) for
transmtting the derived SRES to the RPCU 4 and VLR 9 for
verification. This nessage contains the '17‘follomﬁng I nformati on

el enents: (1) Message Type, (2) Call 15 Ref erence, and (3) GSM SRES.
Tabl e 3: AUthent'fégﬂéy}a%§8909§§a“@éEHEE%JQQUTFEEﬁEEQeS a locatlohngfg tion

Reference Direction

ssa e
7.3.2.2 SU[errinylerM(LMgi B mtegre&rel tPe%f%Y%rﬁ:Yétems 7t39§%‘¥2‘§)
SU err] RPCU Mcan t¥anslate tkSMSRESte registritBord.areh i8cheifjd&PCU

M _4 _ i%o G RRGLEKNYAT for GSM. Transm ssi on between a
subscri ber unit 8 and an

5 Alternatively, in the preferred embodiment, the

system information channel (SIC) used in PACS between the
RP and the subscriber unit is modified to use the GSM LAI
and other GSM codes. Specifically, the modificaticn of the
present example comprise adding the GSM information fields

10 for the mobile country code (MCC), mobile network code
(MNC) , location area code (LAC) and cell identity (CI); and
removing the PACS information fields for the complece
registration area identification and RP identification.
Also the Real Time field can be removed. 1In this

15 embodiment, these modification are made to the RPCU, thus
eliminating the need to modify the existing GSM protocol.

The modified format of the SIC is shown in Fig.

2. The first octet is the SIC header identification. The
second octet is the SIC protocol discriminator (=GSM). The

20 third and fourth octets are layer 2 and layer 3 protocol
discriminators, respectively. The fifth octet indicates
the number of messages in the SIC. The sixth octet is
regserved. The seventh octet contains the SIC revision
number and part of the mobile country code (MCC), the rest

25 of which is in the eight octet. The ninth octet contains
the mobile network code (MNC). The tenth and eleventh
octets contain the location area code (LAC) and the twelfth
and thirteenth octets contain the cell identity (CI).
Together, the MCC, MNC, LAC and CI constitute the cell

30 global identity (CGI).

Octets 14 through 16 contain the service
capabilities. Octets 17 through 20 contain the security



25 RP 3 are encoded to protect the privacy of the subscriber.

Thi's encoding process is called ciphering. Wile both GSM and FACS
use private key, stream ciphering nmethods for encryption of user
informati on and signalling, there are differences in both the

prot ocol / mesWeJEA#Ldw and t he 30 i nfor mati on el enent s. FCT/USHAT0
97/ 34429 PCT/ US96/ 07320

-15- _ In the preferred enbodi ment, the GSM AS ci phering
algorithmis used for a PACS/ GSM i ntegrated system i nstead of the
BRAI D ci phering devel oped with PACS. The A5 al gorithm can be used
with PACS provided: 5 a) The- public key ciphering option
devel oped for PACS is not supported.

b) Only 88 bits of the 114 bit cipher whichig _
avai | abl e with tTAUAS O9tE6r REhhF at&F IRy Te§prved, but does contain the

enci pheri ng and #ssildhsr magatbeePAGHR deaf f(MM) 10 Octets 22 and 23 conwaih

signal ling channgAes.RPCU identifiC?%ieorbz)cgh%gge(%%éﬁ,Stség%_t@grgi ts) is used

i nstead of wth a defined bit
nmappi ng. _ reserved. () The nessage requesting subscriber unit 15
aut hentication (AUTHREQ C) no | onger contai ns

C!pheged 'Qfof t;ﬁ%ﬁﬁ?ﬁﬂafgﬁbscriber Location éag)IééEgﬂﬁf:he 22 | east .

significant bit _ rame count are used in

t he A5 al gorithm and derived fromthe PACS radio

Additionally, some of the functions necessary to
the support of a PACS system as originally designed are
carried out by a network element known as the access
manager (AM) (not shown). The AM can reside in a service
10 control point, a switch adjunct, or an intelligent

peripheral. It can also be combined with an RPCU or stand
alone. Generally, a single AM supports multiple RPCUs and
takes care of network control tasks such as querying remorte
databases for visiting user information, setting up and

15 delivering calls, and so forth.

More explicitly, the AM generates a temporary
ALERT ID for each subscriber unit within an area serviced
by any RPCU 4 which is connected to the AM. When the user
of a subscriber unit 8 receives a call or page, the AM
20 matches -he identification of the requested user with the
temporary ALERT ID for that user’s subscriber unit 8. The
AM then broadcasts an alert to the subscriber unit 8 and
routes the call to the subscriber unit once the subscriber

unit has been authenticated.

25 When PACS is interfaced with GSM, an AM will not
necessarily be included in the integration since GSM does
not include a separate access manager in its specification.
In accordance the preferred embodiment of the present
invention, the RPCU 4 takes over most of the AM's

30 functions, including assigning ALERT_IDs. In doing so, the
following two issues are addressed.



20 channel. The ALTCOUNT information is

I gnor ed. f) The rate of the A5 algorithm (228 ci pher
bits/4.615 ns; 449.4 kit/s) is adapted to t he PACS
rate (176 cle Its/2.5 ms; 70.4 25 kit/ 3)
Subscri ber B ﬁ” In GSM when a subscprar 4 6?7ﬁjlmt ally
regi sters for service, an international nobile subscriber identity
(Ivsl) 30 is assigned to that subscriber. The sanme occurs in a PACS
system but the identification is structured differently and call ed
the subscriber identity (SublD). To facilitate I ntegration of the
PACS and GSM systens, the IMSI is enbetted i n the PACS subscri ber
identity (SublD). WD 97/ 34429

PCT/ US96/ 07320
Tenporary Subscri ber IdentlﬂlrSt the ALERT_IDs mﬁkH‘nGﬁVlseﬁVf%‘?‘rp% rar fh%ﬁ%l l e
subscri ber identithe unique (TMSIch issibssgignedutrdt B .sulPsaekWese eaich e@icke t he

subscri ber RO Swic RV 5 YthG@edheRa egaizmeptehﬁeaaw PESAYSirigh a 5
PACS system but the RIr dent I fication. s structured
1Ds to subscriber units B8, it is ccnceivable that two

5 dlfferent subscriber units 8 will be assigned the same
ALERT_ID by two different RPCUs 4. Second, the ALERT_ID of
each subscriber unit should be known to all the RPCUs 4 in
the service area so that the subscriber unit 8 does not
have to remember multiplie ALERT_IDs by which it may be

10 paged.

An additional problem is raised by the fact that

a GSM system 1 does not use ALERT IDs at all. When paging
a subscriber unit 8, GSM 1 sends a paging signal over the
A-interface to the BSC 6. The paging signal may contain

15 the international mobile subscriber identity (IMSI) of the
user being paged, the temporary mobile subscriber identity
{(TMSI), a cell identifier list and the channel needed
fields. The cell identifier list indicates in which areas
the user is to paged. After receiving the paging signal,

20 the BSC 6 pages the user through the BTSs 5 connected to
it. Therefore, in the PACS/GSM integrated system of the
present invention, the RPCU 4 maintains a translation table
equating TMSIs and IMSIs to the ALERT ID it has generated
for a given subscriber unit 8.

25 As noted above, an RPCU 4 will assign a new
ALERT_ID to a registering subscriber unit. An identical
identification may conceivably have already been assigned
to a different subscriber unit 8 by a different RPCU
serving an overlapping or near-by area. The unacceptable

30 result is that a single ALERT_ID may page two different
subscriber units.



differently and called the tenporary subscriber identifier (TSubl D).

To facilitate integration of the PACS and GSM systens, the TWMSI nust

b? enbedded in the PACS tenporary subscriber identity (TSublD). 10

5) Equi pnent In GSM each subs t al so
an Wb%?\)tggr nati onal nobile equipnment identity (I ME ) 96’%3\58,

an electronlc serial nunber (ESN) is used. For the 15 PACS/ GSM

integration, the IMEl is enbedded in the ESN. 6) Port ldentity

As descri bed above, the PACS-conpatible subscriber unit finds the RP

provi di ng the best signal and informs the network which RP it wll

use to access the 20 system To do thi%9-the subscriber unit nust be

able to identify individual RPs and RPCUs to the system In GSM

each base station is iden |f|ed eII gl obal |dent|f
Thus, to facilitate integbﬁtlon 3¥1GS 24 fﬁ&é% th hgﬁRFF;%wﬁféﬁﬂigls
given a CA to lsenfdddti nitkarhatherth&LEBT _ID, chhpletad mpstt cedeain¥y cat i on

I(gPI tD)fdevel opediffFerdse WLERT 1D thanPAES- used by thelprk0¢ahkOoRpAl 6
entirtirer

f CUs
30 serV|cedFﬁ§etﬁ€esﬁHBsﬁﬁﬁ?ﬁ W“gganfﬁ%ﬁggvggngk%%kggénggr9%810 e

5 subscriber unit must remember multiple ALERT_IDs by which
it may be paged.

In this example, this problem is addressed by re-
registering the subscriber unit 8 when it moves into an
area serviced by a new RPCU 4. This process will now be

10 described in greater detail with reference to Fig. 3.

Initially, the subscriber unit 8 is at the
locaticn indicated by 12. The device registers with the
system through the radio port, RP,. RPCU, interfaces with
the GSM via MSC,. In a GSM network, TMSIs are assigned by

15 the VLR 9 and correlated to IMSIs by communication between
the VLR and the HLR 10 in the subscriber’s home area.

During registration, the HLR 10 authenticates the
identity of the subscriber unit and informs the VLR of the
IMSI. The VLR S then assigns a TMSI and informs RPCU,.
20 RPCU, then assigns an ALERT_ID tied to that TMSI and informs
the subscriber unit 8 of its ALERT_1ID.

When the subscriber unit 8 moves to the location
indicated by 13, it recognizes from the cell global
identifier (CGI) in the system information channel (SIC)

25 that RP, is serviced by the same RPCU as RP,. Therefore,
the subscriber unit does not need to re-register, but will
continue to use the same ALERT_ID.

When the subscriber unit 8 moves to the location
indicated by 14, it is served by a new RPCU 4, RPCU,.
30 Broadcasts on the SIC will tell the subscriber unit 8 thac
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-17 - registration area identifier. GSM uses a |l ocation area
identifier (LAI). To integrate the two systens, the RPCU can

transl ate the e registration area identifier o d LAl
for GSM W%%*&B Al'ternatively, in the preferred en@odlm@nt t he
system i nformatlon channel (SIC) used in PACS between the RP and t he
subscriber unit is nodified to use the GSM LAl and ot her GSM codes.
Specifically, the nodification of the present exanpl e conprise
adding the GSMinformation fields 10 for the nobile country code (MCO),
nmobi | e net work code (MNC), location =atlea code (LAC) and cell
identity (Cl); and rem)vi ng the PACS information fields for the

conpl ete r. |strat|o ea i dent i tion .an P pdentifi n
Al'so the Real Ti H’ggf PEFE=Ran %ca #Dvgdsgfﬁf NS & By é%%o%a%g‘?‘% ?’hese
nmodi fi cati on ar e Howé¥ero bh@alFﬂC@UnewvhB?CU is invwglivednathagstbscrided t o

nodi fy the existifpge G§@Q96fﬁéxéﬂfast registration by sehR€ngv4lifd&dJor mat of
the SICis shown in he first octet is the Sl C header

The™f
i denti fication. T‘ﬁ@‘m ' Aeo) %%ctd??d 6t 5“? Ps the SIC protocol discrimnator
(=GSM. The 20 third and fourth octets are layer 2 and | ayer 3 protocol

di scrimnatgors, respectlVe+uzslkgééagétEnefﬁé%s'ﬂﬂﬂ Q%ﬁQ%w1ng 1nf5fﬁéﬂyﬁﬁber

of nessages in the S C The  sij he sevent h

xth octe r
octet contains t o8B Févi §th r{‘ﬁessage THBﬁbe ar?a"s&ar(&SBP fﬂé mobli | e
country code (MC@LERIhED; es4) Xeservedf, WAl chonsinuattion Eeg&eroct@t The

ninth octet cont@gip-cer, and hﬁ)”&b:!e'c‘isﬂﬁ‘xt Wotke GOR GMNClendti® d€ntHr and
el eventh octets contai cat|on_area code (LAC)  and the twelfth

and thirteenth ocf¥CE™@5APH P?Wﬁé‘tcselolf FABNTRT-{EG yiessage arqqihtie t he
MCC, MNC, 1AC and.nClTabdmsti beiewihe cell 30 gl obal identity (C43).

Table 4: Fast Registration Message (FAST REG)

Information Reference | Direction
Element
| Message Type 6.9.3.1 SU-»RPCU M 1
15 TMSI (TSub Id) 6.9.3 SU-»RPCU M 4
ALERT ID 6.9.3.13 SU-RPCU M 3
Reserved 6.9.3.9 SU-»RPCU M 2
Continuation 6.9.3.1 SU-RPCU M 1
Header
20 CPID=CGI 6.9.3.2 SU->RPCU M
Checksum €.9.3.7 SU-RPCU M

As can be seen from the table, the subscriber
unit, registers with the RPCU 4 by providing its TMSI and
the ALERT_ID given it by the last RPCU. This avoids the

25 need for the subscriber unit to store two ALERT IDs,
allowing it to store only the ALERT_ID given it by the
present RPCU 4.

As may be noted, if the subscriber unit now stays
in the area serviced by RPCU,, RPCU, will be needlessly
30 maintaining an ALERT_ID for the subscriber unit 8 which is



Cctets 14 through 16 contain the service capabilities. Octets 17

t hrough 20 contain the security WO 97/ 34429

PCT/ US96/ 07320 - 18- nu.
Cctet 21 is I reserved, but does contain the

managenent ﬁ&@@gﬁbg . Cctets 22 and 23 contain t he Eék%%éﬁrnu

I dentification. The remaining octets are reserved.

Managi ng Subscri ber Location and Identity Addltlonally,
sone of the functions necessary to t he support of a PACS system as
originally designed are carried out hy a network el ement known as

t he access manager (AM (not shownyg he AM can reside in a service
10 cont rol point a switch adjunct, or an intelligent

peripheral. It STREN Wit n - alone.
Generally, a S|n e AM qgﬁgsortséng?t f&é%%iﬁ?gglg& b B sﬁgveq %&egof

net wor k controlt%@%RSb QﬁglﬁﬁéﬁﬁFﬂ@ PEPRABITE bUlltdéFﬁ%a§E§RﬁEPSvPS|t|ng
user informati obhasetdndrg AIALARTE 1Hs thatlehdwerd ngmeakthsp @nikrsahbar th.

hours.

5 Upon receiving the fast registration message,
RPCU, will assign the subscriber unit a new ALERT ID and
store the relationship between TMSI, IMSI and the new
ALERT_ID. The RPCU responds to the subscriber unit 8 with
the fast registration acknowledgement message

10 (FAST_REG_ACK) detailed in Table 5. This message
essentially informs the subscriber unit of its new
ALERT _ID. The (FAST_REG_ACK) message contains the
following information elements: (1) Message Type, (2} TMSI
(TSub_1Id), (3) ALERT_ID, and (4) Checksum.

15 Table S5: Fagt Registration Acknowledgment Message
FAST REG_ACK
—
Information Reference | Direction Length
Element
Message Type 6.9.3.1 RPCU-»SU M 1
20 TMSI (TSub Id) 6.9.3 RPCU-»SU M 4
ALERT ID (new) 6.9.3.13 RPCU-SU M 3
Checksum 6.9.3.7 RPCU-SU M 2
-

Still with reference to Fig. 3, when the

subscriber unit moves to the location indicated by 15, the

25 CGI message on the SIC will inform the subscriber unit that
it is in an area serviced by a different RPCU, RPCU,, and by
a different MSC 7 (MSC,) and VLR 9. Accordingly, the
subscriber unit will re-register using the protocecl
outlined above as well as the normal GSM registration

30 process. The only difference is that the new VLR 9 will
query the HLR 10 in the subscriber unit‘s home area feor the



More explicitly, the AM generates a tenporary ALERTI D for each
subscri ber unit within an area serviced by any RPCU 4 which is
connected to the AM When t he user of a subscriber unit 8 receives a
call or page, (&AM, 20 mat ches t he identification of t d
user with the Bﬁuktenporary ALERTID for that user's subs???rer un%f 8.
The AM t hen broadcasts an alert to the subscriber unit 8 and

routes the call to the subscriber unit once the subscriber unit has
been aut henti cat ed. 25 When PACS is interfaced with GSM an
AM wi | | not necessarily be included in _the integration since GSM
does not include a separate access nﬁﬁﬁbér in its specification.

I n accordance the preferred enbodi mrent of the present i nvention, the

RPCU 4 takes over sm§t*r9faﬁ{'hﬁuiq'lvlss n’n@: ThaNEAR ANSpi 1 NELEAT LG ARSI NY

ALERTIDs. In doin | owm ng two i ssues are_addressed.

WO 97/ 34429 subscrlber unit 8 a new TMSI,” matgbef geoghe 7845, for the
-19- area inBitsted ttye LALERT Rilgs wi.t hin a service area should
be unique to each subscriber unit 8. Qherwise, if each RPCU 4 within
a service area is independently assigning ALERT I Ds to subscri ber
units 8, it is conceivabl e THt"asAggs flowyfeF et endsErlbedekiiary gswil |
be assigned 4 he samewn in FALERTI DIhyriwo 4 féelrient] iRREUsndicatsecnrhest he

ALERT I D of 15362 SURSETAAAIMNT t p3POUE O A% &K NAWE LPe 3L | pALE RS 4

In
two message and dashed lines indicate a GSM A-Interface

message. Bold and italicized messages are modifications to
the PACS protocol to facilitate the PACS/GSM integration.
10 Existing messages are shown in plain text.

As indicated, different functions that must be

performed are conceptually grouped into layers. A layer is
a functional plane of the communication system. The
functions of a layer are carried out by a particular system

15 component or components. For the preferred embodiment of
the instant invention, the fast registration message and
the acknowledgement are best placed in layer two which
comprises the registration and authentication functions of
the system.

20 The flow of messages shown in Fig. 4 is as
follows. A GSM paging message (PAGING) is sent by the MSC
to all the RPCUs serviced by that MSC. Any RPCU which has
a record of the subscriber unit having been registered will

broadcast the appropriate ALERT ID (SBC (Alert ID)). After
25 receiving the alert, the subscriber unit starts the
authentication and cipher setup process. The

authentication request message (AUTH REQ C) contains the
alert acknowledgement message (ALERT ACK) as the initial
megsage type in order to inform the RPCU that the

30 subscriber unit is answering the page. The authentication
process then proceeds.



the service area so that the subscriber unit 8 does not have to
remenber nultiple ALERTIDs by which it nay be 10 paged.
An additional problemis raised by the fact that a GSM system 1 does

not use ALERT] aI | . Wen pagi ng a subscri ber ' M 1
sends a pagl?“n'é) ’33 over the A-interface to the Bg%'l%{sgﬁf%e pagi ng
signal may contain 15 the international nobile subscriber identity
(I'Msl) of the user being paged, the tenporary nobil e subscri ber
identity (Twsl), a cell identifier Iist and the channel needed
fields. The cell identifier list indicates in which areas t he user
is to paged. After receiving the paging sigrfél, 20 the BSC 6 pages the
user through the BTSs 5 connected to it. Therefore, in the PACS/ GSM

i ntegrated system of the \Y ntains a
transl ation table Acftaetrl ﬁggﬁﬁg?lcgﬂdﬂ] %Dmébgﬁ %Iﬂg%lq%kl t has
gener at ed eR@iphemiandn l§uB§éPPbe$h¢ﬁw tthe RPC?SSendS a message As not ed
above, an RPCU 4a§‘éiénﬁ$§|£ﬂ i@eR€Yfication AEREHR tald (RUINt €bl BYe

subscri ber unit. An 1dentica ent n oncelv I have
al ready been asst @Fu e @ unlt Nﬁfoghen#Msu SCF | @Xa Mt %Q ¥°

di fferent RPCU RPCU fm \Ah@gGéH peevPrppi ﬁ@l%rRPﬁé’aFrBVSJaEF"@E tﬂﬁ'—emessage

unacceptabl e 30 to arlpsatH tiddentingt cawlrﬁ&&ﬁ_ﬁlﬁcbmmxcmage t waedi f f er ent
Eg??&gbg?g7ggbtSremalnder of the caz&Béf then involves a straightforward
mapping of PACS messaging into GSM A-interface messaging

which is performed by the RPCU.

10 8) Handover

As noted, when a subscriber unit is moving, the
RP or base station providing the best signal may change.
Thus, in addition to the possible need to re-register as
described above, there must be a protocol for transferring
15 an established link between the subscriber unit and one RP
or base station to a different RP or base station when
doing so will provide higher quality service for the

subscriber. Switching a link is called a "handover." In
PACS, handovers are alsc called automatic link transfers
20 {ALTs) .

In a PACS/GSM integrated system, if the handover
is between two RPs that are controlled by the same RPCU,
the existing PACS ALT protocol is sufficient. However, if
the new RP is controlled by a different RPCU, the GSM MSC

25 must perform the handover. Since there are significant
differences between the PACS handover process and the GSM
handover process, PACS protocol must again be modified.

In both PACS and GSM, the subscriber unit
measures the signal strength of the existing link to the RP
30 or base station being used and the strength of the signals



-20 - On the other hand, while the new ALERTI D may not

conflict with another ALERTID, it is alnost certainly a di fferent
ALERTI D t han was used by the previous RPCU to page the subscri ber
unit in questy ordingly, the 5 subscri ber unit nu r

mul tiple ALER#BIQE%&%%C/ whi ch it may be paged. PEnhRSRIAS In
this exanple, this problemis addressed by re- regi stering the
subscriber unit 8 when it noves into an area serviced by a new RPCU
4. This process wll now be 10 described in greater detail with
reference to Fig. 3. Initially, the subscriber unit 8 is
at the | ocation indicated by 12. Thé2devi ce registers with the

system through the radio port, RP[err]. RPCUerr] interfaces with
the SSMvia MO gpldonldted BPVbBALUCRLG MRS BECHASST ANRA MY Rac middle
to | VS t he and

VLR 9 and correl ate by conmuni cati on between
the HLR 10 in theestftriber's hone area. Duri ng

regi stration, the HLR 10 authenticates the identity of the

subscri ber unit and infor V] . e h
assigns a TMSI and inforngEREgﬂ[e%ﬁié?%ﬁggik.dﬁﬁtfgérr e?;g§1€§é§fgﬁ% éﬁ?
ALERTID tied to Lthet tv@ ddddersrbrhase statioppe IThpsEsY serbseribes wiitts
ALERTID. s transmits the YAeultdeoSuhiscisiibaal unésisrdiees 0 the

| ocati on j i C [ ecoqgni zes m cell | obal

i dentifier (CG )i’ig%ét%tea%fg Skgﬁf%i%a%?%#%haﬁiﬁé?e(gb% "% p%cfﬁ%?d
RP[err] is serviéed $gmRaredsand hRACES S sSRieny Fontrpbl e dgihen decidest he
subscriber unit dres NdanRedrt Osr Ged®gd Hry whBuh Méd|base statGeRt&DUE tO

use the same AL ; i Waen |.ber _unit 8 noves
to the IocationEEgl_Q_Lve SheareaFed B@uiﬂnlqt 1S %Egvéﬁgﬁékﬁpﬁgﬁpﬁﬁ U 4,
RPCU err] 1030 orpibmiastidopnthaectt Pafq IsteElprt RRNSIHES@T Bépnphfying

t hat the new base station controller.

In PACS, the subscriber unit decides when to
transfer the link and which new RP to use. The PACS
subscriber unit then signals the handover to the new RP

15 directly. The advantage of this method is that the
handover signaling takes place on the new link with the new
RP and is therefore more reliable. Thus, to integrate PACS
and GSM, new link transfer messages have to be introduced
into the PACS protocol. The flow diagram for the new

20 inter-RPCU PACS handover is described in Figure 5, in which

the same style and text conventions as Fig. 4 are utilized.

As shown in Fig. 5, when the subscriber unit
decides a handover should be performed, it suspends the
current call with the old RP (LINK SUSPEND) and initializes

25 a link with the new RP. The subscriber unit then sends a
automatic link transfer request message (ALT_REQ) to the
new RP. The type and lengths of the information elements
in this message are detailed in Table 6 below. The message

contains the following information elements: (1) Message
30 Type, (2} Cell Global Identifier (CGI) for the new RP (RP),
(2) Reserved, (4) Message Continuation (ALT_REQ _CONT), (5)

RCID, (6) BAccess Information, (7) Reserved, and 8) Checksum.
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- 21- Its present |ocation is still serviced by the sane VLR 9.
However, because a new RPCU is invol ved, the subscri ber unit perforns
a fast registration by sending a nessage (FASTREG to the new RPCU.
5 WOIMRHE nessage i ncludes the foll owi ng i nfor maPFEHSI607320
el ements: (1) Message Type, (2) TMSI (TSubld), (3) ALERTID, (4)
Reserved, (5) Continuation Header, (6) CPID=Cd, and (7) Checksum
The type and | ength of the i nformati on el enents of the FASTREG
nmessage are detailed 10 In Table 4 bel ow Tabl e 4: Fast
Regi strati on Message (FAST REQ [ 1 if8rmati on Ref erence
Direction Type Length El ement Message Type 6.9.3.1
SU err] RPCU M TapltP 5. autdiRlid TSYR hd) hsfer G £ rr] RPCU
M 4 ALERT %—_LL%J T st tepRh€l T
Reserved 6.9.3.9 SU err M 2 Conti nuati on
6.9.3.1 SU err L e 20
6.9.3.2 SU[ er|f ERPCmation \| 7Reference | Direction Length
lement
5 Message Type 6.9.3. SU-RPCU M 1
CGI (new RP) 6.9.3.16 | SU-RPCU M 7
Reserved 6.9.3.9 SU-RPCU M 2
Message 6.9.3.1 SU-RPCU M 1
Continuation
10 (ALT REQ_CONT)
RCID 6€.9.3.14 | SU-RPCU M 3
Access 6.9.3.12 SU-RPCU M 1l
Information
Reserved 6.9.3.9 SU-RPCU M 3
15 Checksum 6.9.3.7 SU-»RPCU M 2
e
Still referring to Fig. 5, if the new RPCU can
accept the link transfer it responds to the subscriber unit
with an automatic link transfer acknowledgement message
(ALT ACK). The ALT ACK message contains a new information
20 element called the handover reference (HO-reference). The

HO-reference information element is used in GSM to identify

the link during the handover. The ALT_ACK message is

detailed in Table 7 below and contains the following

information elements: (1) Message Type, (2) Time Slot, (3)
25 RCID, (4) HO-Reference, (5) Reserved, and (6) Checksum.



Checksum 6.9.3.7 SU err] RPCU M As can be

seen fromthe table, the subscriber unit, registers with the RPCU 4
by providing its TMSI and the ALERT ID given it by the |ast RPCU.
This avoids the.?a.,, need for the subscriber unit to storgefugeMaT | Ds,
allowing it to store only the ALERTID given it by the present RPCU
4. As may be noted, if the subscriber unit now stays
in the area serviced by RPCU[err], RPCU w Il be needlessly 30
mai ntai ning an ALERT ID for the subscriber unit 8 which is WO
97/ 34429 PCT/ US96/ 07320
-22 - out of its service area. Thi'¢’ probl em may be sol ved by a
timer-based registration procedure built into the RCUs 4 t hat
cancel s ALERTI Ds that fiaye .t hieshade alid Thhagred Acknom%ﬁ@nc_ 5
Upon receiving the fast registrationyeegsgge(alLT ACK) RPCUZ2 w assign the
subscri ber unit a nem/ALERTID and store the relatlonshlp betmeen
TVSI, IMSI and t {T] T I pSchi ber
unit 8 with
(FAST REG ACK) di .
5 Message Type 6.9.3.1 RPCU-SU M 1
Time Slot 6.9.3.5 RPCU-»SU M 1
RCID 6.9.3.2 RPCU-»SU M 3
HO-Refexence 6.9.3.x% RPCU-SU M 1
Reserved 6.9.3.9 RPCU-»SU M 2
10 Checksum 6.9.3.7 RPCU-»SU M 2
GSM is informed where to transfer the link. In
the preferred embodiment of the present invention, two new
messages are added to the PACS layer two protocol. In Fig.
5, when the subscriber unit receives the automatic link
15 tranafer acknowledgement from the new RP that will accept
the new link, the subscriber unit then resumes the link
with the cold RPCU (LINK_RESUME) and sends an automatic link
transfer notification message (ALT_NOTIFICATION} that gives
the identity of the new RPCU to the old RPCU. This message
20 is detailed in Table 8 and contains the following
information elements: (1) Message Type, (2) CGI, and (3)
Checksum.
Table 8: Automatic Link Transfer Notificaticn Message
AALT NOTIFICATION)
25 Information Reference | Direction Length

Element

Message Type SU->RPCU
CGI 6.9.3.z2 SU-RPCU M 7
Checksum 6.9.3.7 SU-RPCU M 2




essentially infornms the subscriber unit of its new ALERTI D. The

(FASTREGACK) nessage contains the follow ng information el enents:

(1) Message Type, (2) TwiSI (TSubld), (3) ALERTID, and (4) Checksum
15 Tahl e 5; Fast Regi stration Acknow edgnent Message

(FAST REG ACKYO 97734425 | nf or mat i on Ref erence Di reg’FF"élﬁ%"”Wpe
Length El enent Message Type 6.9.3. 1 RPCU[ err] SU
M 1 20 TVSI (TSub 1d) 6.9.3 RPCU err] SU M 4
ALERT 1D (new) 6.9.3.13 RPCU err] SU M 3 Checksum
6.9.3.7 RPCU er ] SU M 2 Still with reference to
Fig. 3, when the subscriber unit nové€to the location indicated by
15, the 25 C3 message on the SIC will informthe subscriber unit that

it is in an area serviced Jy %l&&gg{,eg\ﬁe,ﬁp%ﬁqﬁﬁwkﬁr Lle &[bdsck{ylber 1

different MSC 7 (MsClerr]) an SCri
unit will re-registBragsdiPnatd cprénlceranster no@l}tfllr-‘ﬁéémabove as wel | as
the normal GSM r agksbwbédgumedft nessagecemsr NOTE auky @hiderfncreasikhat

the new VLR 9 wi bl capye o QYioy L N8nELR) d%ddl UAE-SURSHL Potak ¥ hallg0e

area for the )
PCT/ US96/ 07320 the link with the subscriber unit to the new RPCU and

identifies the new RPCU to GSM. The ALT NOTIF_ACK message
contains the following information elements: (1) Message
Type, (2) RCID, (3) Reserved, and (4} Checksum.

Table 9: Automati ink Transfer Notificatio

10 Acknowledgment Message (ALT NOTIF ACK)
Information Reference | Direction Type | Length
Element
Message Type 6.9.3.1 RPCU-»SU M 1l
RCID 6.9.3.2 RPCU-»SU M 3

15~ Reserved 6.9.3.9 RPCU-»SU M 4
Checksum 6.9.3.7 RPCU-»SU M 2

In Fig. 5, after the subscriber unit, has started
the ciphering process over the new link, it sends a
standard PACS automatic link transfer completed message
20 (ALT_COMP} to the old radio control port. When the old
radio control port receives this standard PACS message, it
clears the old link to the subscriber unit. (CLEAR_COMMAND,
CLEAR_COMPLETE) .

10) Temporary Identificatjon Reallc .%iocn

25 In GSM, the TMSI assigned to a subscriber unit is
periodically changed to help preserve the confidentiality
of subscriber identities. This TMSI reallocation procedure
can be performed either implicitly during a location update
or registration, or it can be explicitly initiated at any



- 23- subscriber unit's IMSI. The VLR 9 will then assign the
subscri ber unit 8 a new TMSI, matched to the IMSI, for the ar ea
i ndicated by LA2 in Fi g 3. The nessage flow for alert

and call deli shown in Fig. 4. In Fig. 4, soljd.dbeme
i ndi cate a PA gd%dén | ayer three nessage. Dotted lines in |catg a PACS

| ayer two nessage and dashed lines indicate a GSM A-Interface
nessage. Bold and italicized nessages are nodifications to t he PACS
protocol to facilitate the PACSS GSMintegration. 10 Exi sting nessages
are shown in plain text. Asq i ndicated, different
functions that nust be performed are conceptually grouped into

| ayers. A layer is a functional plane of the comrunication system
The funct i aiseofiuaih@ydricr eheasnbedrbgr nid par tbombaicsyisigemith

conponent or CO”DQ@;%”M%gaaE&VVLﬁ‘e RRELEr 180nsTBItialAL oh eacs wnddie

instant invention, the regi stration nessa eac{
acknow edgenent aF@%@?POB@%c@j Ghe EXpdiciho N diFe locatleﬁn%?‘?%ee“ss ‘t he
registration and authentication functions of the system 20

The flow of nmessages shown 4 [ lJ r&; GSM pagi ng
nessage (PAG NG is sent ﬁ%}ll:é %g se¥ediil wa%ﬁ Itcj% Clthfgserw ced b

that MSC. An§ RPCU%HI“EH“h%%hW The ﬁé&\aia%fwwé%&eséw’a%?n Ui i ng
been regi stered wdelallocatiobrpasicast folreaappreprdeatvedAbiRA| PaftSH 1A et

D). After 25 fr ‘%ﬁ%k!' 09 thigedleichs Egﬁﬁéé’@é&” b&r ‘é@l:lmétéﬁé Snddte

aut hentication and ci pher sefup process. hentication request
message (AUTHREQC)CO(‘S\QllrﬁéFn'S‘lW@atl"e 1syfer tREERHHAA éd&éf’feﬂ?sﬁ%%%eﬁfe‘r Lo
(ALERTACK) as the thel Paab subscrib@mssage pypeocsi airddraye® BnéhEtm pdres ReU

that the 30,, %%%Chbge&mgfllfeéﬁo@é§%w Bgoé%&age The aut henti cati on

process then proce

The third alternative is to use a message already
existing in PACS which assigns an identification to an
incoming radio call (RCID_ASSIGN) for the purpose of
reallocating the PACS TSubID which would then be equated by

15 the RPCU to the reallocated TMSI.

The problem with this alternative is that there

is no acknowledgement to the RCID_ASSIGN message in the
PACS protocol and the GSM MSC expects an acknowledgement
when changing a subscriber unit‘s TMSI. There are three

20 possibilities for overcoming this problem. First, the RPCU
could send the acknowledgement message that GSM is
expecting without getting an acknowledgement from the
subscriber unit. Second, no acknowledgement is sent and
the MSC goes through the connection failure part of its

25 protocol. Third, a message acknowledging the changed
temporary identification could be written for the
subscriber unit to acknowledge the change.

11. De-registration

GSM has a procedure called IMSI Attach/Detach
30 that subscriber units are reguired to support but that is
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-24 - After authentication is conpleted and |ink

enci phernent is established, the RPCU sends a nessage assigning an
identification for the call (RCID) to the subscri ber unit. Next t he
GSM SETUP ne¥&2§8%?% sent to the 5 RPCU from t he GSM n&ERBISRO3%he RPCU
transl ates the nessage to a PACS incom ng call nessage

(1 NCOM NGCALL). The remai nder of the call flow then involves a
strai ghtforward mappi ng of PACS nmessaging into GSM A-interface
nmessagi ng which is perforned by the RPCU 10 9) Handover

As noted, when a subscriber unit is noving, 3Phe RP or base station
providing the best signal may change. Thus, in addition to the

possi bl e need to,gerdeg sfta&r 8 networksdbj . Slﬁgggr@bowxé ?»%%eggﬁ be a

protocol for transferrl an esta |1 nk between t subscri ber
unit and one Rp allows Sﬁééée‘ét‘&h% % 9g -drPieF @Rt TRB ShepaeEve¥ht i on
when doi NghesD tMdyl apeopoderdd gimam qualtutyedesf/f o frtuatt hbe

subscri ber. ﬁé"ﬂ&%}f‘g le3Knbs fabd et% % "g}%a%ggggéd ‘advh su%)sc_xl;s 6LS,

handovers are al so ca autonmati c ers
In a PACS/ BSM i n%%’gfrsat e@@sﬁéﬁ?oﬁstar‘]éierfér‘?@é\?éFatlon procedure that can

be simply mapped into the GSM attach/detach procedure by
the RPCU.

Conclusion

A detailed description of a preferred embodiment
10 of the present invention has now been described in
fulfillment of the objects set forth above. The advantages
provided by the invention will be readily appreciated by
those skilled in the art, as will be many modification and
alternative embodiments which fall within the .scope and
15 spirit of the present invention.

For example, it is apparent that a subscriber
unit may be designed to operate with the PACS system
exclusively. Alternatively, the ability to communicate
using PACS or a high-tier system, such as GSM, can easily

20 be built into standard subscriber units with little
increase in size or cost. The details of such an
integration are further explored in the following article
which is incorporated herein by reference: R Malkemes et
al., An Interoperable PACS and DCS 1900 Subscriber Unit

25 Radio Architecture, The Sixth IEE International Symposium
on Personal, Indoor and Mobile Radio Communications
(PIMRC’95), Sept. 27-29, 1995, Toronto, Canada.

Thus, if a subscriber has a subscriber unit that
can make use of either high- or low-tier supporting

30 systems, the subscriber can use whichever tier will provide
the highest quality service under the circumstances. For
example:



is between two RPs that are controlled by the same RPCU, t he

exi sting PACS ALT protocol is sufficient. However, if the new RP is
controlled by a different RPCU, the GSM MsC 25 nmust performthe
handover. Since ttﬁ%re are significant differences b 5/{?-)3‘20 PACS
handover procg@s”a ?the GSM handover process, PACS protocol mnust
agai n be nodifi ed. In both PACS and GSM the subscri ber
uni t nmeasures the signal strength of the existing link to the RP 30
or base station being used and the strength of the signals WO
97/ 34429 1PCT/ US96/ 07320

- 25- transmtted by other nearby RPilor base stations that m ght
be used. In GSM the network decides when to transfer
the - link to a diffengnk base St GRo I8e; RRMsihsg Lberchait 5
transmts the results of its sjignal. measurenents to_the base station
every 0.5 seconds:"RARNEE Fﬁ@%r%“%‘&é’eé’ged‘ nearby %’h% &SnparedT ™ thse
station control | exighhenedeskedesce that haisedorehandoligry iisideeeded and which

new base station will 2) ReGbyA- e WaKswIhEl cd NSESMi et hge handO VG
request 10 originates fromthe, old base station, controller i dergl fg/l ng
the new bas® Stalqé%] -tdpFofervice 1is saturated with other subscribers;

3) A subscriber may use the high-tier service if
in a car or other vehicle traveling over 40 miles per hour.

The above description has been presented only to
illustrate and describg the invention. It is not intended
10 to be exhaustive or to limit the invention to the precise
form disclosed. Many modifications and variations are
possible in light of the above teaching. It is intended
that the scope of the invention be defined by the following
claims.



I n PACS, the subscriber unit decides when to traf1$¢g~r ST k—an

whi ch new RP to use. The PACS subscriber unit then si % s t%@ttN
handover to the new RP 15 directly. The advantage ‘ef-t Hbd is
that the handover signaling takes place on the new |j T enew
RP and is th¥ONB#M nore reliable. Thus, to integrate PACSPCT%SV\Méod GSM
new |l i nk transfer nessages have to be introduced i nto the PACS
protocol. The flow diagram for the new 20 i nt er- RPCU PACS handover is
described in Figure 5, in which the sane style and text conventions
as Fig. 4 are utilized. #? shown in Fig. 5, when the
subscri ber unit deci des a handover sHoul d be perforned, it suspends
t he current call with the old RP (LI NKSUSPEND) and initializes 25
alink with theygw RP. crafMepsulescri ber unit then sends a automatic
link transfer request nessage (ALT REQ to the new RP. The type and
| engths of the information el enents In this nmessage are detailed in

Tabl e 6 bel ow. The nessage method foeontatesrdtiond & IFARENgetwdokr ivtthorm

el ements: (1) Nggﬁag%%ggkk conl &4 gzlhékééeég(ﬂ%a| Identifier (CA) for the

new RP (RP), ssage Cont i nyati on %?LT REQ SCNT)
(5) RCI D, (6) Acce%rsovllﬁiflé‘rgrrﬁtf’ﬁﬂbe’(ﬁ RSy FEH10RTFS] O ERdaRt

WO 91/ 34429 by a number of radio port controlleRCThWE86tB73Rfhout a

- 26- servid Q'gréh Automati c Link Transfer Request Message

interfacing said radio port controller units with
a mobile switching center of a GSM network; and
providing the PACS radio port controller units

10 with communication protocols which are compatible with GSM
protocols.
2. A method as claimed in claim 1, wherein said,

communication protocols include protcocols for

authentication and registration of a subscriber unit.

15 3. A method as claimed in claim 2, wherein said
communication protecols include protocols for handover and

ciphering.

4. A method as claimed in claim 1, further
comprising the step of assigning alert identifications to
20 subscriber units within a service area with each said radio
port controller unit.

5. A method as claimed in claim 4, further
comprising the steps of:
communicating a temporary mobile subscriber
25 identifications for said subscriber units from said mobile
switching center to said radio port controller units; and
maintaining a translation table with said radio
port controller unit which equates said alert
identifications with said temporary mobile subscriber
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(ALT REO I nf or mati on Ref erence Directi o] tUpuType ang;rh-._,:,_

El enent 5 Message Type 6.9.3.1 SUerr]RP g@p ACED 1

Cd (new RP) 6.9.3.16 SU err] RPCU M 7 i Resef-vwed
6.9.3.9 SU[ er r ] RPCU M 2 Message

SU err] RPCU LVOW/JS.“” Conti nuation 10 (ALT RI£5T h

RCI D 6.9.3.14 SU[ err] PRPCU M Access
6.9.3.12 SU err] RPCU M 1 | nf or mat | on Reserved
6.9.3.9 SU err] RPCU M 3 15 Checksum 6.9.3.7
SU[ err] RPCU M 2 _#'_II referring to Fig. 5, if
t he new RPCU can accept the link tranSter it responds to the
subscri ber unit with an automatic link transfer acknow edgenent
nessage (ﬁld%@lﬁ)f-icxbeoﬂm% smssaqgs@iam@& rhsu%snew bAf gremtion 20
el ement called the hand%vgr ref é}HOre erenjbee?

HO r ef er ence i nf otSTati“67 &Y et RS délrrftll f‘y the |ink

during the handover. The ALTACK rressage i's detailed in Table 7 bel ow

and contains the fol ! %Wi ngA methodiara‘ m&&hbeniﬁlmm$ wher s sedien NG
(2) Time Slot, (SQ 2 HO- Ref er ence, (5) Reseived, and (6)
Checksum ubsqﬂbbgf/g&ﬁﬁgpeg sters and receives new rt

PCT/ US96/ 07820 identification when said subscriber unit moves from an area
serviced by one radio port contreoller unit to an area
serviced by a different radio port controller unit.

7. A method as claimed in claim 6, wherein each said
subscriber unit registers and receives a new alert
10 identification and a new temporary mobile subscriber
identity when said subscriber unit moves from an area
serviced by a visitor location register to an area serviced
by a different visitor location register.

8. A method as claimed in claim 7, further
15 comprising the steps of:
acknowledging said registration of said
subscriber unit, and
informing said subscriber unit of its new
identification with said radic port controller unit.

20 . S. A method as claimed in claim 8, further
comprising the step of providing a message to initiate said
registration and a message to acknowledge said
rYegistration.

10. A method as claimed in claim 1, further
25 comprising the step of providing said subscriber unit with
at least one GSM authentication algorithm to authenticate
the identity of the subscriber unit.

11. A method as claimed in claim 10, further
comprising the steps of:
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-27- Tabl e 7: Automatic Link Transfer Acknow.edgenent

Message (ALT ACK) | nf or mat i on Ref erence Dj @it Bloft 7 Ty BEEN |
Lengt h El emrentl 5 Message Type 6.9. 3. 1[1 RP@PPenti»U i!
M 1 Time Sl ot 6.9.3.5 RPCU err] SU ° vt t

RCI D WO9TB4gI9 3. 2 RPCU[ err] SU M 3 PCTA/S9RBT320 ence
6.9.3.x RPCU err] SU M 1 Reserved 6.9.3.9

RPCU[ err] SU M 2 10 Checksum 6.9.3.7 RPCU[ err] SU

M 2 GSMis informed where to transfer the link. In
the preferred enbodi ment of the present in_\éﬁr]tion, two new messages
are added to the PACS | ayer two protocol. I'i Fig. 5, when the
subscriber unit receives the automatic |link 15 transfer acknow edgenent

fLom t he new RE tlhat kwi I |pr@>€i§.§@hg a meslg érfg.y EF%&R%%%Eﬁmghh%g uni t
then resunes the |lin with the ol . and sends an
autormatic |ink Which ?r?%ﬁ1lselsersaﬁ§t ?‘P}F%%’fﬂ%ﬁf MEdsaft f%@‘lﬁ%ﬁzlré&‘?lo@\l) t hat
gi ves t henumeen | i5oMGSMhennedl (PG tpe rflsemobdiRROL. 1€HEts omessage 20

is detailed in Igphéndiad onoRtgbpsciibe 44 | owi ng i nformation
el ements: _(1) Message Ty

pe, (2)_CA,.and (3) . , Checksum
Table 8: Automatic Link ‘ﬁ%fr‘(é’%éf‘gl\ﬁ?i’?i%‘ﬁﬁ%ﬁbﬁgs’s‘ﬁb'é VR message for
(ALT NOTI FI CATI eppdin@5he resudferofitsaid at leaRef enenmechdiitrieation  Type
Lengt h EFLe9BMnhm to GsM for verification.

12. A method as claimed in claim 1, wherein said step
of providing the PACS radioc port controller with
10 communication protocols includes the step of providing said

radio port controller unit with ciphering algorithms that
are used by GSM.

13. A method as claimed in claim 1, wherein said step
of providing the PACS radio port controller with
15 communication protocecls includes the step of embedding an
international mobile subscriber identity used by GSM in a
subscriber identity used by PACS.

14. A methed as claimed in claim 1, wherein said step
of providing the PACS radic port controller with
20 communication protoceols includes the step of embedding a
temporary mobile subscriber identity used by GSM in a
temporarxy subscriber identity used by PACS.

15. A method as claimed in claim 1, wherein said step
of providing the PACS radio port controller with
25 communication protocols includes the step of embedding an
international mobile equipment identity used by GSM in an
electronic serial number used by PACS.

16. A method as claimed in claim 1, wherein said step

of providing the PACS radio port controller with
30 communication protocols includes the step of assigning each

) O ﬂ“lﬁ\lﬁ“ ﬁnﬂe“




o

Message Type 6.9.3.1 SUerr]RPCU M 1 | TMPSISHEET HAS BEEN |
6.9.3.z SUY[ er r] RPCU M 7 Checksunt. 9. i3 R%erer] RPCU:
M 2 WD 97/ 34429 . |
PCT/ US96/ 073 - 28-

The ol d RPCU 9e7r"13 ré’sponds to the subscriber unit vmlt’ T,gsr?agﬁtz%rratlc
link transfer notification acknow edgenent nessage (ALTNOTI FACK)
which is detailed in table 9 below. The old RPCU then signals GSMto
change 5 the link with the subscriber unit to the new RPCU and
identifies the new RPCU to GSM The ALT NJOILFACK nmessage cont ai ns
the following information elenents: (1) Message Type, (2) RCD, (3)
Reserved, and (4) Checksum Tabl e 9: Automatic Link

Transfer Notifi C@at igdidl@adio ports and rafidknpekedgomntolNkesagetsAh TcdT F

. SR, £iex co F%{eg{tg@g,esa DA EEh L O or T ¥RC pakEO R e
RO D comgogl ?rZ“““FFwE 1] SU 3 15 Reser ved
6.9.3.9 RPCU err] SU M

17. A method as claimed in claim 1, wherein said step
5 of providing the PACS radio port controller with
communication protocols includes the step of modifying a
system information channel used by PACS by removing a radio
poft identification and registration area identification
fields, and adding a mobile country code, mobile network
10 code, location area code and cell identity fields that are
used by GSM.

18. A method as claimed in claim 1, further
comprising the steps of:
providing a message whereby said subscriber unit
15 requests that GSM switch an existing link between the
subscriber unit and GSM from being routed through one said
radio port controller unit to another radio port controller
unit determined by said subscriber unit; and
providing a message whereby said subscriber unit
20 indicates to GSM to which radio port controller unit to
switch said link.

19. A system integrating a PACS network with a GSM
network comprising:
a plurality of PACS radio ports spread throughout
25 a service area that support subscriber units and are
controlled by a plurality of radio port controller units;
and
a mobile switching center of a GSM network
interfaced with said radio port controller units;
30 wherein said PACS radio port controller units are
provided with protocols compatible with GSM protocols.
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Checksum 6.9.3.7 RPCU err] SU M 2

In Fig. 5, after the subscriber unit, has started demgsgﬁfrkn
process over the new link, it sends a standard PACS/aut o

transfer connhgyﬁg¢gessage 20 (ALTCOW) to the old radi 8rt
When the ol d . radio control port receives this standar nessage
It clears the old link to the subscriber unit. (CLEAR_COVVAND
CLEARCOVPLETE) . 10) Tenporary ldentification Reallc tion 25

In GSM the TMSI assigned to a subscriber unit is peri odical ly
changed to hel p preserve the confidentialityg. of subscri ber
identities. This TMSI reall ocation procedure can be perforned either
inmplicitly during a | ocation update or registration, or it can be

explicitly initiated2®. adysystem as clai®ed7/iB4428im 15, wherein said

PCT/ US96/ 07320 radio port controller unit lert %ﬁ:c1f t
during which the subséilber unlt | S connfhﬁggﬁgﬁgaMAﬁh o= lcﬁ l%%é:and

VLR There is nc®'HETedTTe Yrn tPARKERHR ¢h sexrvice 8582 esponds to the explicit
TMSI real |l ocation process. There are several ways to

solve this 21. A system as claimed in claim 20,

5 wherein said mobile switching center obtains a
temporary mobile subscriber identity for said subscriber
unit from a visitor location register and communicates said
temporary mobile subscriber identity to said radio port
controller unit; and

10 wherein said radio port controller unit maintains
a translation table equating said alert identifications
with said temporary mobile subscriber identities for said
subscriber units in a service area.

22. A system as claimed in claim 21, wherein said
15 subscriber units register and receive a new alert
identification when said subscriber units move from an area
serviced by one radio port controller unit to an area
serviced by a different radio port controller unit.

23. A system as claimed in claim 22, wherein said
20 subscriber units register and receive a new alert
identification and a new temporary mobile subscriber
identity when said subscriber units move from an area
serviced by said vigitor location register to an area
serviced by a different visitor location register.

25 24. A gystem as claimed in claim 23, wherein said
radio port controller units acknowledge registration of
said subscriber units and inform said subscriber units of
the new identifications.

25. A system as claimed in claim 19, wherein said

30 subscriber unit has at least one GSM authentication
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5 inconmpatibility. The sinplest way is to abando ;k%w AG BE
real | ocation process for an area served by a particula Al 1‘: her e
are PACS RPCUs connected. The second and nost conpl e%fé?“é%@rnatl Ve
I's to introdyggofafdsyv Message pair to the PACS subscechesssenszo
protocol in layer 3 that perfornms 10 the GSM TMSI real | ocation

pr ocedure. The third alternative is to use a nessage
al ready exi sting in PACS which assigns an identification to an
incomng radio call (RCIDASSIGQN) for the purpose of real l ocating the
PACS TSubl D whi ch woul d then be equated by-3I% the RPCU to the

real | ocated TMSI. The probl emwith this alternative is

that there i s.np _acknow edgenent t RCI_DA ssa in the
PACS. pr ot ocol ar?dgtoﬁét%‘él\ﬁw &c§t§nt§8 Wte‘d"d'er?éntsa d°s Sbg‘f/%

changi ng a subsamiter unit's TMSI. There are three 20 possibilities for
overcomng this problem First, the RPCU coul d send the

acknow edgenent nessage that GSM ecti t hout ettl n

acknow edgenent from?Phe # Sys‘:e"étﬁfsfrllaﬁé‘?duh t°1a§é‘g3\rgd YABT Gtk dgerrent
I's sent and substclxawaOngteshatmm@sg;lagehefcnmasmnbaial uaadqmrrtumh‘erl ts
25 pr of ocol . ;rolihbrsfh ot WESGRAS HetPnnedai 8%t heshapged

tenporary identification could be witten for the sulscriber unit to
acknow edge t he ¥4fdsgeication a g%”’lﬂeapgg?s‘f‘?%ﬁ% for sending che GSM
has a procedure muled bEBSbaidtac/dEettacihe3Buthenttiatt ionbatgobethmnd s are

required to suppah Y vERRE i LScion.

27. A system as claimed in claim 19, wherein said
10 radio port controller uses ciphering algorithms that are
used by GSM.

28. A system as claimed in claim 19, wherein said
subscriber unit is identified by an international mobile
subscriber identity used by GSM embedded in a subscriber

15 identity used by PACS.

29. A system as claimed in claim 19, wherein said
subscriber unit is identified by a temporary mobile
subscriber identity used by GSM embedded in a temporary
subscriber identity used by PACS.

20 30. A system as claimed in claim 19, wherein said
subscriber unit is identified by an international mobile
equipment identity used by GSM embedded in an electronic
serial number used by PACS.

31. A system as claimed in claim 19, wherein said
25 radio ports and said radio port controllers are each

identified by a GSM cell global identifier.

32. A system as claimed in claim 19, wherein a system
information channel used by said radio port controllers is

i
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- 30- optional for GSM networks to support. TI{IHS{}TEHCpﬂun 8 per
al | ows subscri ber unlts to de-register fromthe netwofk ;thvh n they
are povered JgWsfhe turned off so that the net Wwor Y-Y-MlaVa { to
page powered ovvn subscrl ber 5 units. PACS supports a de-registration
procedure that can be sinply mapped into the GSM attach/ detach
procedure by t he RPCU. Concl usi on A
detail ed description of a preferred enbodi nent 10 of the present

i nvention has now been described in -afulfillnment of the objects set
forth above. The advant ages provided by the invention will be
readi |l y appreciated by those skilled in the art, as will be many
nodi fication amtbdified byl remainy e erddlddi pemt sidemicht featliom shdn t he scope
and 15 Splrf fgtféy%gﬂrg§%9tldéﬂgyg d%Qlon flelds, and adding For exanpl e,

it is apparent t scri uni desl gned to operate
with the PACS SJRRighfi countryegedgsimriite Rlelté’Pﬁgt FOR/E¥y, O?Cl?élﬁﬂl PFES to
comuni cat e code Ui GeRACTSderit chi flelidsethay saee ueaamrbyas;s%M can
easily 20 be built into standard subscriber units with little
increase in size or cost. The details of such an integration are
further eXplored inthe onISVEF\F‘ﬁgasarCtltafﬂ"@d in clayRitd i s i ncorporated
herein by reference: R Mulheeaes €iid subscrdber AnitnteneesabhetPAS® and

DCS 1900 SUbSCSé$§¥cAjH& é%istln%F?%aﬁ)EXEUQeBEEggrQub;$gaﬁarxhglkE GSM

| nt ernati onal rrp05| um er sonal oor
Conmuni cat i ons from beirg wREtes) thxpugh one Egldl%élo'ﬂiﬂr&ntc&ntéﬁﬁéﬁé
Thus, if a subsgfibefo hamthezubadis hrtuidntirbalier unit determined by

10 said subscriber unit; and

wherein said subscriber unit indicates to GSM to

which radio port controller unit to switch said link.
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can make use of either high- or lowtier supporting 30 systens, the

subscri ber can use whichever tier wll provide the highest quality
servi ce under the circunstances. For exanpl e: WO

97/ 34429 WO 97/34429 PCT/ US96/ 07320

- 31- : 1) A subscriber who is indoors may uEET{Yraen7320

i nproved signal quality of a nearby PACS RP rather than a hi gh-ti er
service that has lower quality indoors; 2) A subscri ber
may switch to lowtier service if 5 t hel/Ri gh-tier service is saturated
W th ot her subscribers; 3) A subscriber may use the

hi gh-tier service if in a car or other vehicle traveling over 40

m | es per hour. The above description has been presented
only to illustrate and describe the idvention. It is not intended 10
to be exhaustive or to limt the invention tq the precise form

di scl osed. Many nodifications and variations Jare possible in Iight
of the above teaching. It is gtended « [that the scope of the
invention be defingd t he _f dH ow cl ai ns.

FIG. 1
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What is clainmed is: 1. nethod for integrating a personal access
conmuni cati on system (PACS)network with a global system for nobile
comuni cati ons (GSM net wor k conprising the steps of: provi di ng
a nunber of Rpg7sadh0 ports controlled by a nunber of 1 @ehrRish¥IT20
controller units throughout a service area; interfacing said radio
port controller units with a nobile switching center of a GSM network;
providing the PACS radio port <controller units wth

communi cati on protocols which are conpati@/® with GSM protocols; and
assigning alert identifications to subscriber units within a servi ce area
with each said radio port controller unEIG 2 2. A net hod as
claimed in claiml, further conprising steps of:

Subscr ber (HES i 8L Ch g cent er o said - radi o port
control |l er uniqts; mg a-1- r-ar&It&laAgeRtIabl e wth said
radi o port contrd es sai dentifications
with said temgorgr§ 0 InoBi IQa @ubﬁcrﬂ 'E‘I’§IC PHOTOCOL DI@’?IMWATQ&(?@H as
eceives a ned allgtt §odnt £11%al ol O ----w@?ﬁﬁ@&?@cP?@@?M{?ﬁﬁpﬁhﬁiésa“
froman area s;er\Jl gedy by one gadi og 0 |---- LAYER 3 PROTOCOL DISCRIMINATOR

5 {0 0 nn n n n nj---- NUMBER OF MESSAGES IN THE SIC

B X X X X X X X XJ--eeomeeeee- RESERVED

7 c cc cfp--------- SIC AEVISION NUMBER

8 we | MOBILE COUNTRY CODE |

g T = MOBILE NETWORK CODE | cpiL

10 T LOCATION AREA CODE - SLOBAL,

11 i (C6D

12 S CELL IDENTITY :

13 -

14 S 5 5 5 x X x x|

15 |d d d d x x X X]p------ SERVICE CAPABILITIES

16 2 2 7 x pp x i

17 ﬁ

18 R SECURITY

19 MENU

20 )

21 jx X x X X x MM J---- MOBILITY MANAGEMENT (PACKET)

22 RPCUID |- RPCU ID

23

24 X X X X X X x X

M X X X X X X X X§poeceeeeoeooe- RESERVED

33 X X X X X x X X




port controller unit to an area serviced by a different
controller '

radi o port
unit. 4. A nethod as
each said

claimed in claim 3, wherein
subscriber unit registers and receives a new al ert
identificatiogyggyae9d a new tenporary nobile subscriber i degtringsde3sn said
subscri ber unit noves froman area serviced by a visitor
register to

| ocati on
an area serviced by a different visitor
5. A nethod as clainmed in claim4

| ocation register.
, furtheégﬁonprising t he steps of:

acknow edgi ng said registration of said su riber unit; and
h: \ depti nf o\ pat ent s\ appl ns\ 0943\ pct _clnms.frm -32-
I nform ng said subscriber unit of its newidentification with
port controller unit. 6. A method as clained in claimb5,
conprising the step off prauijding a nesgage b
and a nmessage to ackngwR eqée

2
sai d regis @atg__wn'*
integrating a  persdra

said radio

further
itiate said registration

7. A met hod f or

access comfimi:éati@fs system (PACS) network
with a global system for .nDbllq\connunlcatlbns
steps of: ’ N
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provi ding a nunber of PACS radio ports controlled by a nunber
port controller units throughout a service area;
radio port controller units with a nobile

WH9Wi@ing the PACS radio port controller unitsp@iSoenrazo

net wor k;

of

comuni cation protocols which are conpatible with GSM protocol s;
provi di ng said subscriber unit with at | east one GSM authentication
algorithmto authenticate the identity of #M%

provi ding a nessage for said subscriber unit which enabl es

subscri ber unit;

radi o

I nterfacing said
switching center of a GSM

sai d subscri ber

unit to request a random nunber from GSN=JiGwhgch to performsaid at |east
one aut hentication algorithm and p I ding said subscriber unit with
a nessage fqr‘§EﬁdTﬁg’TTE?“TTﬁﬁHTﬁ?7ﬂ“'§§Tﬁ9§T“Teast one audthentjcation  \
algorithmto GSM for Skbrification. 8. ARPCUrethod for ating
a per sonal access |communi cations system ( ACS) network with a gl obal
system f or ' )} bUI]i)ITbI T estreps—of
provi ding a nxinber of FPACS radﬁ%}%‘?fﬁsméont roll edi@f NG HU%@&%S )of radi o
port controljlfer units f rough?HthmLsA%w e areq; interfacr nc sai d
radi o port cjontroller yoit.s.oaid _e---syup,kgmg RESPONSE (ﬂﬁT@;l;SSM
network; and | K; RAND ACCESS_CONFIRM = = = e e e
— e
‘ AUTH_REQ_CIALERT_ACK, TszD)_ CM_SERV_REQ - TRIPLET
A3 A_B . AUTH_CHALLENGETRAND) AUTH_REQ (RAND! LOOKUP
AUTH_RESP (SRESI AUTH_RES (SRES) (RAND,
SRES K¢ o START_CIPHER CIPHER_MODE COMM(KC) SRES, K¢}
CIPHER_STARTED - CIPHER_MODE_ COMPLETE
ACK
jul -

NORMAL AUTHENTICATION AND CIPHER PROCEDURE

RCID_ASSIGN

LEGEND:

EXISTING

PACS LAYER THREE MESSAGE
PACS LAYER TWQ MESSAGE
GSM A-INTERFACE MESSAGE
NEW MESSAGE IN PACS

-y
INCOMING_CALL SETUP
CALL_CONF
ASSIGN_CMD
ASSIGN_COMPLETE
r— ————— -
ALERTING ALERT
P — — — — o
CONNECT CONNECT
CONNECT _ACK CONNECT_ACK
CALL_DATA_FLOW
Bt D Dl oL L) -

1

NOTE 1: SENT WITHIN THE BSSMAP MESSAGE
COMPLETE_LAYER3_INFORMATION

MESSAGES PLAIN TEXT

BOLD, ITALICIZED TEXT
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comuni cati on protocols which are conpatible with GSM protocol s, including
enbeddi ng an wlesgasi onal nobil e subscriber identity used R¢eriesbéirBroa
subscriber identity used by PACS. 9. A method for i ntegrating
a~ personal access communi cations system (PACS) network with a gl obal
system for nobile comunication (GSM net vk conprising the steps of:
provi ding a nunber of PACS radio ports controlled by a nunber of radio

port controller units throughout a service area; interfacing said
radi o port controller units with a nobile swtching center of a GSM
net wor k; and /provi ding the PACS radio controller units with
comuni cation protgcol s which are conpatible with GSM protocol s, including
enbeddi ng an int er%atl onal nobile equipnent identity used by GSM in an
el ectronic seria r integrating a
per sonal conmuni p@l ons. $ystem ( niatvvor Wi h gl obal system for
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i th GSM protocol s, I Ng assi gni ng) each

B]EOtsgngl ?a\é\?gcamummmmm E rt controller units acigr %P‘} bFID ol

dentifier to icdenttify saidsradi o port or radi o port uni t to
GSI\/I 11. A method for integrating a personal access com‘rum cations
systemWMCS}Sn@ﬂ-mde\Mlsh a gI obal system for nobile conmunications (GSM

network co S|n st.e

provi di ng g?%u ﬂésgggdﬁnt%%5%§l%ﬂnr(ﬁﬁr%P%ﬁl a%ﬁ%%%rcommuglFatéaPo
port coiryé@éhe(pu@ssﬁethbeugtwuh a §Bb¥htesPELain for mobile tBkAGhaekBdons
said ra ort controller units with a nobile switching center of said

GSM net (®BFK) nghdork - comprngﬂ@vﬁ@ﬁn@ﬂﬁ@@ RAGS radi o port controller units

with comruni cation_protocol s are co atible th rotoco
el udi ng. noRFPYERGPE. @ BOBREEn RS B R foph ot B
renovi ngr ar5@dbopBeEt LeaRkbiileat 'u?ﬁt%nirfx%ﬁugﬁid@ P Bce area;

i dentification fields, and adding a nobile country code, a nobile

net wor k code}ntecéacongarmd‘,oUedand mett cdehrpilyefi einists hatithr 2 mobd ley
GSM . . A net hod f integrating a personal access
comuni ¥4 Fohing c??%?ﬁn??Pﬁcgghhgf&ﬁgﬁ%Vdth a gl obal system for nobile

providing the PACS radio port controller units with

communication protocols which are compatible with GSM protocols; and

assigning alert identifications to subscriber units within a

service area with each said radio port controller unit.

2. A method as claimed in claim 1, further comprising the
steps of: '

communicating temporary mobile subscriber identifications for
said subscriber units from said mobile switching center to said
radio port controller units; and

maintaining a translation table with said radio port controller

unit which equates said alert identifications with said temporary
mobile subscribers.
% 3. A method as claimed in c¢laim 2 wherein each said
subscriber unit registers and receives a new alert identification
when said subscriber unit moves from an area sexviced by one radio
port controller unit to an area serviced by a different radio port
controller unit.

4. A method as claimed in claim 3, wherein each said
subscriber unit registers and receives a new alert identification
and a new temporary mobile subscriber identity when said subscriber
unit moves from an area serviced by a visitor location register to
an area serviced by a different visitor location register.

5. A method as claimed in claim 4, further comprising the
steps of:

acknowledging said registration of said subscriber unit; and
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C i cati GS t i.Signg the st f: iyt
nunber of PACS ﬁadi“’éus i @Mﬁi@ﬂﬂmgby S oueps ot Py TS reor'aTs 20

~controller units thro® VI €e area, | nt-efrackngs saifd* " 1938
radi o port controller“units with a nobile swi t chi ng i&éﬂt‘“@ﬂ‘&f ~a’ GSM'
net wor k; provi ding the PACS radio port controller units with

Connyn!Cat'09n?59ﬁ95§%§a$§'Sﬂb@é?iﬁ@gp95%Q|8f“ﬁEQ ﬁ%ﬂﬁfﬁéﬁ@ﬁ?iéétion with
provi di ng a nessage ereby sald subscriber unit requests that GSM

swi t ch saidéxratfiiogpbirnk chatwediderhanduhscri ber unit and GSM from bei ng
routed through one said radio port controller unit to anot her radio
port control Per ufi RedBREr Asheilbiadi HsGhedm Ber fUrthay (comprising the

provi di s ; b | bscri 1L Lpdjic .
B e s T R A W S
I nt egr ahédgagepeosaskhoaltedge caidmetdlsttion system (PACS) network with
a gl obal sy m for nobile comuni cations, (GSM network conpri sing:
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Servi ce.oah8R: ERRE oAUPRYF Lt SHPIPARST HBLLSRNY A SOHIMALd Pbtdm for
mobile communications (GSM)network comprising the steps of:
providing a number of PACS radio ports controlled by a number

of radio port controller units throughout a service area;

o interfacing said radio port controller units with a mobile
switching center of a GSM network;
providing the PACS radio port controller units with
communication protocols which are compatible with GSM protocols;
providing said subscriber unit with at least one GSM
authentication algorithm to authenticate the identity of the
subscriber unit;
providing a message for said subscriber unit which enables
said subscriber unit to request a random number from GSM on which
L to perform said at least one authentication algorithm; and
providing said subscriber unit with a message for sending the
results of said at least one authentication algorithm to GSM for
verification.

CEE) A method for integrating a personal access
communications system (PACS) network with a global system for
mobile communications network (GSM)) comprising the steps of:

providing a number of PACS radio ports controlled by a number
of radio port controller units throughout a service area;
interfacing said radio port controller units with a mobile

switching center of a GSM network; and
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plurality of radi o rt co E& units; and %b/u&sﬁl&nﬂn 20
center cf aGSMn with said radio po tr.ol |

“wherein said PACS lclﬁll Mﬁﬂ E oller units are prowl{‘?g‘tclro\? gré) @07398
conpatible with GSM protocols and wherein said radio port control l er units
assign alert identifications to subscriber wunits within a service area.

14. A systenpasvdkiahlgedmen PACH malBio contraliereiunies dvithi ¢ewswiicatign
center obtains nmobil e s blSCI’I ber identi tégfor ai d subscri ber

e ar
oottt BRPEogPLE, GRRLRhe AT B SR HR T e e ieMe s LS L 85PE S erbBy LGLRS
Subscr'%ﬁﬁedHQﬁBtEEY1hQé%ﬂd%f5ﬁgﬂjdﬁgfléx§u5§3ff5ef”ﬁéen@fg¥ used ﬂpeégMn

said radio port controller unit maintains a translation t e equating !

sai d al ént ai debscciriibetr arcﬂsen/ultdy seiatl heARCSry nobile subscriber

identities T sald subscgri nit in a seryice area 115 stem
as claimed Wgd/cl afm 14€ Qi d L0BEIFPEAPT unifts RRFQM anda? E&Pve
a new alghihuhdeati h%atéf?é‘té\ﬁerkﬁﬁﬁ ﬁH‘E%SE:kb%léﬁ“ LS Mair@?s%'én@r €8r

serviced @§ one raglo port controller unit to an area serviced by a
di f f er embbiadi copounicarttion | {@SMinirtetwork cdfpris Byt eneastepai a€d in
claim 15, MMgggbgdi%bdasggggéébgg PACS radio ports controlled by a number
of radio port controller units throughout a service area;
interfacing said radio port controller units with a mobile
523 switching center of a GSM network; and
providing the PACS radio controller units with communication
protocols which are compatible with GSM protocols, including
embedding an international mobile equipment identity used by GSM
in an electronic serial number used by PACS.
%q. A method for integrating a personal communications .
) systeﬁ (PACS) network with a global system for mobile
communications (GSM) network comprising the steps of:
providing a number of PACS radio ports controlled by a number
e of radio port controller units throughout a service area;
interfacing said radio port controller units with a mobile
switching center of a GSM network; and
providing'-the PACS radio controller units with communication
protocols which are compatible with GSM protocols, including
assigning each of said radio ports and radio port

controller units a cell global identifier to identify said radio

port or radio port contreller unit to GSM.
S~

system (PACS) network with a global system for mobile

A method for integrating a personal access communications

communications (GSM) network comprising the steps of:
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uﬁi ts register and receive a new alert i dent ibf icati ?n aﬁgv?’pﬁ@%&{;mggff 2}0
i i ber iden ﬁlﬂ,ﬂ mbscrl er units ! Y AR R
rsne)Pi/: gegugicgai d visi tU!llmwﬂﬂw o0 ter to an area serviced by a

' gi & [ inclaim
different visitor |ocation register. 17. A system as cl ai ned

[ [ [ I stration of
[ d radio port controller units acknow edge regis
sai d subscr E;i» ypais E%M‘f 252 B TR0T Dot ontrolled by sigunbes
i denti fications. g e radio porgs- PXCVS)U
system ohtegyihoipora peheeaa]l}e@Cﬁﬁ%&FCQ%bﬁlﬁégf{ggns@ﬁs (I-e Fene
' | obal  system for nobile _
gg;pwrnlr l; i \rl:ngf " fnge’éfﬂhlﬁél Faydora@iCSppadi oopatrid 1epr @ad Hh AU QHtndbi e
servi ce @f@an S&PP £t0§ug§cri$§{,{ uni.a’s anda%rde control |l ed by ﬁ'
plurality of rgggllo por% cDnt Fotfe _nPF§, °_’a’ﬁd ¢ a nobil et fW: Itgrl E%I .
her oi n_said PACS 1010 bor i contr ol erougi £ e 2 25BE, ae§ Rt of ocol &
' ' ACS radi o port contro . ( .
\é\gﬁ{)glt intﬂsoaé‘“I Wd ncF;rFaéSl\ﬂ' rerifQBW@l,s whichherei compadiblbs GhibetsunighJias

s,
T tﬂ&g%-'tq_g.t' n_algorithmto authenticate the identity of said
!sﬁggf:riogglr unllt(:‘b;th an 1 Agﬁh@r?&ﬁt@} d'”sﬁ?_xﬁ‘@rqlb?é? Cihﬂftn&iasl_sciﬂit?a?g:ﬁ&orbge
r equest negoa imgn domadim &ioft OTAGREM Pl hi Gh éxgdpgé%gépréglappga&ea

l,catiqn .al gorithm and a nessage for sendi ng er
authentggeng%fica lon fields, and adding a mobile country code, a mobile

network code, location area code and cell identity fields that are

12} used by GSM.
,/\ .

Qa‘ A method for integrating a personal access communication
system (PACS) network with a global system for mobile
communications (GSM) system comprising the steps of:

providing a number of PACS radio ports controlled by a number
of radio port controller units throughout a service area;

interfacing said radio port controller units with a mobile
switching center of a GSM network;

providing the PACS radio port controller units with
communication protocols which are compatible with GSM protocols;

providing a message whereby said subscriber unit requests that
GSM switch an existing link between the subscriber unit and GSM
from being rod%ed through one said radio port controller unit to
another radio port controller unit determined by said subscriber
unit; and

providing a message whereby said subscriber unit indicates to
GSM_FS which radio port controller unit to switch said link.

K\ig. A system integrating a personal access communications
system (PACS) network with a global system for mobile

communications (GSM) network comprising:
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said at | east one authenti ' rithmto GSM frp=verjdi 1/0A. 9.
A systemintegrating \mmmmwm@s comuni cat i B@,&Mﬁﬁ?‘%&&? :e rk
with a gl obal system ORI | @ cdmmuni cations (GSM qegwpﬁg-cgypﬁtﬁ{qggﬁ
a plurality of PACS rallio ports spread throughout a |BHLi cevatea 'tha
support subscriber units and are controlled by a plurality of radio port

controller %@F@%xéﬂﬁ%y of BACDDA @i SVhEEPE NgpFERECERPEUGHEEM BELWRkX ce
interfaced with said radio port controller units; erein said PACS

radi o poeg ¢chwattr slupmonisubsgripeovinets andhapeotonbksliedphyible with

GSM l.s; . Wh ' id bscriber unit, is identified by an
Tt o1 nEREGAIE SHan & atisb AT erCTaENe TLOE (uBtEhy B8 enbedded 1n a

subscri ber ixdepditde Used Vi enter ¢f a GSM network interfaced wish
20. A systemintegrating a personal access comruni cations system (PACS)

netmorbg@ﬂtha@iqﬂpﬂnﬂ st el Yer umbt $ £ ~communi cations(GSM net wor k
Cervi co. ar eXPERALC AR (ALK SR PRRF 1 SonhPal LoBORRIGR| B0y R Hretal i ty
of radiqtRoploeenbial tehpabibe With GsM prd T 1L anl %ﬁ@fégn%&rréaiﬂ
GSM network interfaced wth said radio port controller units;

port controller units assign alert identifications to subscriber
units within a service area.

14. A system as claimed in claim 13,

wherein said mobile switching center obtains a temporary
mobile subscriber identity for said subscriber unit from a visitor
location register and communicates said temporary subscriber
identity to said radio port controller unit; and

wherein said radio port controller unit maintains a
translation table equating said alert identifications with said
temporary mobile subscriber identities for said subscriber unit in
a service area.

15. A system as claimed in claim 14, wherein said subscriber
- units register and receive a new alert identification when said
subscriber units move from an area serviced by one radio port
controller unit to an area serviced by a different radio port
controller unit.

16. A system as claimed in claim 15, wherein said subscriber
units register and receive a new alert identification and a new
temporary mobile subscriber identity when said subscriber units
move from an area serviced by said visitor location register to an
area serviced by a different visitor location register.

17. A system as claimed in claim 16, wherein said radio port
controller units acknowledge registration of said subscriber units
and inform said subscriber units of the new identifications.
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wherei n said PACS radio m m:hts are provi.ded. W

conpatible with GSM prot gﬁm ﬂ ‘““‘\1 H erein said !gtibscrll berE’ E‘n?tﬁcfogs? 0
.identified by an internatidnat nDblle equi prrent |dent|ny”USeﬁ Ay’ GsM' “5 qu
embedded in an electronic serial nunber used by PACS. " 21. A system

for integrating a personal access communications system (PACS) network
with a gl o@stem for nopile conmuni cations (GSM networ k conpri sing:

a pl urali t \ g8 PAES SR po’l‘r%‘"se%lfﬁ"eh%gt‘FlrBﬁﬁﬂ‘aﬂ?laa§§f3§ﬁc€°m5‘i‘1é‘écﬁl”r&9ns

support [ t S, &5k y Ugakl f%p9f or adi 0 port
controll uni tg(% an s ﬁ{ﬂ%f e V\#%%ﬁl J{r')lgs %F\tg}gr % agggMenetwork
i nt erfae:edunumfcatslajrd; T @Ebe) postwetkt cahpeisimngt s; wherein said PACS

radio port controller units are provided wth protocols conpatible wth
GSM pr ot ocol & pdgality qfhfat$ %afHe rkar ks p%?%’@agnah§8P8hP&8| 8 68Fﬁflce

control | ‘%r% Ut "s@%@:éz@@dkﬁé@& r a0 cehy ghababntdsabLll 22.

A system I nte I Nng a personal access conmuni cati ons systgm ( PACS)
netV\Drkp\MutrIalatgﬁ Qiﬁlra}/ﬁd ey f orcomdbo 1l Begounrbs eabhdns (GSM) net wor k
conpri si ng: plurality of PACS radio ports spread_throughout a
service are& mﬂsm;fwrttcfsm&%%@ru%ﬁt@ Y Beeveskt iprpEdapgdawith

plural 1ty ;of 13010 UL GHUELOI1& Wits; and

wherein said PACS radio port controller units are provided
with protocols compatible with GSM protocols;

i wherein said subscriber unit has at least one GSM
authentication algorithm to authenticate the identity of said
subscriber unit; and

wherein said subscriber unit has messages for requesting a
random number from GSM on which to perform said at least one
authentication algorithm and a message for sending the results of
said at least one authentication algorithm to GSM for verification.

A system integrating a personal access communications
system (PACS) network with a global system for mobile

=y communications (GSM) network comprising:

e a plurality of PACS radio ports spread throughout a service
area that support subscriber units and are controlled by a
plurality of radio port controller units; and

a mobile switching center of a GSM network interfaced with
said radio port controller units;

wherein said PACS radio port controller units are provided
with protocols compatible with GSM protocols; and

wherein said subscriber unit is identified by an international
mobile subscriber identity used by GSM embedded in a subscriber
identity used by PACS.

-37-

h:\deptinfo\patents\appins\094 3\pct_clms.frm



erracea won [P con'orTer “RETALSY &7 61220,

sai d PACS radio port torftr unl are provided \P ’W@b @r:mtiot-m
conpatible with GSM protocol s; and wherein 'a syst em i nformation
channel used-Dy said radio port controllers is nodified by renoving a
radi o port mgﬂilé‘»@ét&a #fegratingedl pbrabnAl AR d«dUmntirididtibns
fields, an ing a nmobile country code, nobile network code,

| ocat i Gystrema b%réShnmlecvebrk with pdeafliobglf sylsden ar acpijsed by GSM

sten1|nt ersonal _access_comuni cati ons system ( PACS)
netwoerﬁﬁqpﬁiiﬁb i@g@én?gBWO bFPBPTLSINGE yni cati ons (GSM) net wor k
conprising: g pluralltya BF UPREET ¥a8h oPREBLEAY Qeaar EhreRigtrRhit i ighade a
service area that” support subscriber uni s and are controlled by a
pl ur al ianeaftheddsopportt subscoliber units;ammke controllesl bybalrlemiittyng
center q; a M net wor k integiace m%th said radio port controller
units; radlo PoRer FAREEPYLIBACERH5Gi7 0BGt controller units are provided

with prOtOCQiﬁmQQfP@té@ich&EB g@HEQEOB?C3|%SM network iMISHIESRIWEth
subscri ber unit requests that GSM sw tch an exi sting Iink between the

subscnSaﬁdLnadl@nMOESNtonbnvbéengun@uSed through one said radio port

troll t t di t tr.ql | it det
Card subscr irzeth Pt BabB BB bt caRERRId b T AT |
GSM tomrpfbf@t%@ols corﬁBéhE@Bt%Qkhebsb{”b%ott%c%‘Mst;Cl&n%ﬁ' d I nk.

f?? wherein said subscriber unit is identified by an

- international mobile equipment identity used by GSM embedded in an
electronic serial number used by PACS.

<::> A system for integrating a personal access
communications system (PACS) network with a global system for
mobile communications (GSM) network comprising:
a plurality of PACS radio ports spread throughout a service

area that support subscriber units and are controlled by a
plurality of radio port controller units; and

7y a mobile switching center of a GSM network interfaced with

R

said radio port controller units;

wherein said PACS radio port controller units are provided
with protocols compatible with GSM protocols; and

wherein said radio ports and said radio port controllers are
each identified by a GSM cell global identifier.

(EE} A system for integrating a personal access
communications system (PACS) network with a global system for
mobile communications (GSM) network comprising:

a plurality of PACS radio ports spread throughout a service
area that support subscriber units and are controlled by a
plurality of radio port controller units; and
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a mobile switching center of a GSM network interfaced with
said radio port controller units;

wherein said PACS radio port controller units are provided
with protocols compatible with GEM protocols; and

wherein a system information channel used by said radio port
controllers is modified by removing a radio port identification and
registration area identification fields, and adding a mobile
country code, mobile network code, location area code and cell
identity fields that are used by GSM.

23.) A system integrating a personal access communications
systemM(PACS) network with a global system for mobile
communications (GSM) network comprising:

a plurality of PACS radio ports spread throughout a service
area that support subscriber units and are controlled by a
plurality of radio port controller units; and

a mobile switching center of a GSM network interfaced with
said radio port controller units;

wherein said PACS radio port controller units are provided
with protocols compatible with GSM protocols;

wherein said subscriber unit requests that GSM switch an
existing link between the subscriber unit and GSM from being routed
through one siid radio port controller unit to another radio port
controller unit determined by said subscriber; and

wherein said subscriber unit indicates to GSM to which radio

port controller unit to switch said link.

(A I Ll
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